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HMD Hya l ine Membrane Disease 
HR Hear t Rate 
JN Jet Nebu l i s e r 
Kg Ki log ram 
MDI Mete red Dose Inha le r 
min . Minu te 
mg Mi l l i g r am 
m.p .h . Mi les Per Hour 
MMAD Mass Median Aerodynamic Diamete r 
Neb Nebul i se r 
PA Alveolar Pressure 
Pbox Box Pressure 
PFT Pulmonary Funct ion Test 
Pm Mouth Pressure 
Raw Airway Res i s tance 
RDS Resp i ra to ry Dis t ress Syndrome 
RR Resp i ra to ry Rate 
Rrs Resp i ra to ry System Res i s tance 
SaO2 Pulse Oximetry 
tcPc02 Transcu taneous PO2 
tcP02 Transcu taneous PCO2 
USN Ul t rason ic Nebul i ser 
V Volume 
T Time Constant 
^tg Microgram 
S u m m a r y 
B r o n c h o p u l m o n a r y d y s p l a s i a (BPD) , f i r s t d e s c r i b e d by 
N o r t h w a y et al. in 1967, is a ch ron ic lung d i s e a s e of 
n e w b o r n s r e s u l t i n g f r o m p r o l o n g a t i o n of the h e a l i n g p h a s e of 
severe r e s p i r a t o r y d i s t r e s s s y n d r o m e (RDS) in a s s o c i a t i o n 
wi th a g e n e r a l i z e d p u l m o n a r y oxygen t o x i c i t y and b a r o t r a u m a 
f rom p o s i t i v e p r e s s u r e v e n t i l a t i o n . ( N o r t h w a y et a l . , 1967) 
For many yea r s , n e o n a t o l o g i s t have been us ing 
b r o n c h o d i l a t o r ae roso l de l i ve red by the m e t e r e d dose inha le r 
(MDI) or j e t n e b u l i s e r s in the t r e a tmen t of i n f a n t s wi th BPD. 
L i t t l e a t t e n t i o n has been g iven to the u l t r a s o n i c n e b u l i s e r 
j I 
pa r t l y b e c a u s e it is a more expens ive dev ice , and pa r t ly 
b e c a u s e the o lder mode l s of the dev ice gene ra t ed ae roso l s 
wi th p a r t i c l e s ize too la rge to be e f f e c t i v e l y de l i ve red to the 
lower r e s p i r a t o r y t rac t . (Newman S.P. et al . , 1987) There is 
up to now no s tud ies compar ing all th ree dev ices under 
i den t i ca l e x p e r i m e n t a l cond i t i ons on n e o n a t e s and smal l 
i n f a n t s wi th BPD. 
In th is r andomized c ross -ove r s tudy , we eva lua ted the 
changes in r e sp i r a to ry f u n c t i o n f o l l o w i n g a dose of 
s a lbu tamol de l ive ry by the three types of dev ices in 20 non-
ven t i l a t ed and 20 ven t i l a t ed BPD in fan t s . The re su l t s 
showed that both the MDI with spacer device and the 
u l t r a son i c nebu l i se r (S iemens E lec t ron ic s Inc . , Sweden) were 
supe r io r to the two j e t n e b u l i s e r s ( S i d e r t r e a m n e b u l i s e r by 
M e d i c A i d , UK, and Hudson n e b u l i s e r , USA) in i m p r o v i n g the 
lung f u n c t i o n of bo th groups of infants，. S ince 
b r o n c h o d i l a t o r ae roso l r ap id ly r e l i eves b r o n c h i a l o b s t r u c t i o n 
and migh t be l i f e sav ing dur ing exace rba t i on of b r o n c h o s p a s m 
in BPD i n f a n t s , these f i n d i n g s should p rov ide some u s e f u l 
gu ide l ines to neona ta l i n t ens ive care worke r s . 
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C h a p t e r 1 I n t r o d u c t i o n and the o b j e c t i v e s of the 
s tudy 
B r o n c h o p u l m o n a r y D y s p l a s i a (BPD) , f i r s t d e s c r i b e d in 
1967 by N o r t h w a y and c o - w o r k e r s ( N o r t h w a y W.H. et a l . , 
1967)，was s u g g e s t e d to r e su l t f r om p r o l o n g a t i o n of the 
h e a l i n g p h a s e of severe r e s p i r a t o r y d i s t r e s s s y n d r o m e (RDS) 
in a s s o c i a t i o n wi th a g e n e r a l i z e d p u l m o n a r y oxygen t o x i c i t y 
and b a r o t r a u m a f r o m p o s i t i v e p r e s s u r e v e n t i l a t i o n . In i n f a n t s 
wi th BPD, the re is d i f f u s e d damage of the m u c o s a l , a l veo l a r , 
and v a s c u l a r t i s s u e s , r e s u l t i n g in long te rm oxygen 
d e p e n d e n c y and severe lower a i rway o b s t r u c t i o n . I nc r ea se in 
. 秦 . 
r e s p i r a t o r y w o r k l o a d also causes impa i r ed somat i c g rowth and 
poor we igh t ga in . 
BPD deve lops most commonly in very p r e t e rm neona te s 
who are exposed to p o s i t i v e a i rway p r e s s u r e and high 
i n s p i r a t o r y oxygen t ens ion dur ing the f i r s t week of l i f e . The 
cond i t i on may however also deve lops in more ma tu re or even 
f u l l - t e r m i n f a n t s . ( N o r t h w a y W.H. et al . , 1967) It is the most 
common cause of chron ic r e s p i r a t o r y i n s u f f i c i e n c y and a 
m a j o r cause of mor t a l i t y among p r e m a t u r e i n f an t s . 
(Edwards D.K. et al . , 1977) The repor ted i nc idence of BPD 
is about 20% among p rema tu re i n f an t s wi th hya l ine membrane 
d i sease . (Ander son W.R. et al . , 1971), and an inc idence of 
2 5 - 4 0 % in i n f an t s we igh ing less than 1500g has been 
r epo r t ed . (Vohr B.R. et al . , 1982) Many in f an t s wi th 
1 
BPD may requ i re p r o l o n g a t i o n of v e n t i l a t o r or oxygen 
the rapy , some t imes for up to one year or longer . (Markes t ad 
T. et al . , 1981) The repor ted mor t a l i t y of BPD is up 
to 20 to 30%. (Yu V.Y.H. et al . , 1983) 
The pa tho logy of BPD is very h e t e r o g e n e o u s . In most 
i n f an t s , the lung wi l l show a combina t ion of a i rway, 
i n t e r s t i t i a l and vesse l abnorma l i t i e s . (Van L.S. et al . , 
1991) The most p rominen t pa tho log ica l changes in the lower 
a i rway are smooth musc le hype r t rophy , squamous me tap la s i a 
and g landu la r hype rp l a s i a of the ep i the l ium, and occas iona l ly 
pa tchy i n f l a m m a t i o n changes . (S tocker J .T. et al . , 1986) 
(Margraf L.R. et al . , 1991) 
i 
Dur ing the last decades , many s tudies t r ied to f ind out 
an e f f i c i e n t therapy of BPD or a p reven ta t ion method of the 
deve lop ing of this d isease . The ma jo r aim of management is 
to p reven t fu r the r damage to the lung. But un fo r tuna t e ly , 
there are s t i l l no c l in ica l t r ia ls that have conv inc ing ly 
demons t ra ted any t rea tment that is e f f ec t i ve for BPD. (Rush 
M.G. et al . , 1992) Among these therap ies , many s tudies 
concen t ra te on the b ronchod i l a to r therapy in the t rea tment of 
b ronch ia l cons t r i c t ion in neonates and small i n fan t s with 






Unt i l recent ly , the therapeut ic values of b ronchod i l a to r s 
f on newborns and young infan ts has remained a cont roversy , 
I 2 
and there were many s tud ies d e m o n s t r a t i n g comple t e ly 
oppos i t e r e su l t s . 
For a long t ime, b r o n c h o d i l a t o r s were cons ide red to be 
of no t he rapeu t i c va lue on neona tes and young in f an t s . 
Engel et al. r epor ted in 1962 that b ronch io l a r smooth musc le 
was th in and poor ly deve loped , and p robab ly could not 
nar row the lumen of the a i rway by con t r ac t ion in i n fan t s 
under the age of 12 months . (Engel S. et a l .， 1 9 6 2 ) This was 
suppor ted subsequen t ly by a number of c l in ica l s tud ies on the 
lung mechan ic s of young in fan t s wi th acute b r o n c h i o l i t i s . All 
these s tud ies demons t ra t ed that admin i s t e r ing b ronchod i l a to r 
ae roso l s to young in fan t s did not r e l i eve b ronch io l a r 
cons t r i c t i on , or might even resul t in de t e r io ra t ion of the 
symptoms . ( 0 ' C a l l a g h a n C. et al . , 1986) (P rend iv i l l e A. et 
a l.，1 9 8 7 ) 
In cont ras t to the above obse rva t ions , Reid et al. in 
1977 repor ted that smooth musc les were present in subs tan t ia l 
amount at b i r th in the small a i rways as far pe r iphera l as the 
a lveolar duc t s . (Re id et al . , 1977) Both Tal et al. in 1983 and 
Conner et al. in 1989 showed that inhaled b ronchod i l a to r s in 
young in fan t s with b ronch io l i t i s resu l ted in c l in ica l 
;i 







j All the above s tudies inves t iga ted the e f f ec t s of h 
inhaled b ronchod i l a to r s in young in fan ts with b ronch io l i t i s . 
i 
I The resu l t s might have been a f fec ted by the methods of 
3 
aeroso l de l ive ry and the me thods used for lung f u n c t i o n 
m e a s u r e m e n t . Some of these me thods , such as the fo rced 
o sc i l l a t o ry t echn ique had been c r i t i c i zed for be ing 
i n s e n s i t i v e in de tec t ing changes in b r o n c h i o l a r r e s i s t a n c e as 
they were read i ly a f f e c t e d by changes in the upper or large 
cent ra l a i rway r e s i s t ance . 
In add i t ion to b r o n c h i o l i t i s , there were many s tudies 
i nves t i ga t i ng the e f f e c t s of b ronchod i l a to r s in neona te s and 
young i n f a n t s wi th BPD. Hyper t rophy of the b ronch ia l 
smooth musc le had been shown in these i n f an t s , ( Nor thway 
W.H. et al . , 1967) and b ronch ia l r eac t iv i ty might play an 
impor tan t ro le in the pa thogenes i s of this cond i t i on . (C la rke 
J .R. et a l .， 1 9 9 2 ) Several s tudies have shown a b e n e f i c i a l 
e f f ec t of both sys temic and inhaled b ronchod i l a to r s on the 
lung mechan ics and c l in ica l s tate of these in fan t s . 
(Kraemer R. et al . , 1989) (Rosa l ie A.W. et al . , 1987) 
Compared to in fan t s with b ronch io l i t i s , i n fan t s with 
BPD are younger and have smal ler a i rways . There is thus a 
ma jo r concern that a c l in ica l ly su f f i c i en t amount of 
b ronchod i l a to r aerosols might not be able to reach their lower 
resp i ra to ry t rac t . It is also not known which of the current ly 
：.丨 
avai lab le methods of aerosol de l ivery can achieve the highest 
; i 
e f f i cacy in this popula t ion of pa t ien ts . 
i . j 
. i 
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;i In 1993， P fenn inger et al. repor ted a study that 





t h rough the inha led rou te f rom a mete red dose inha le r (MDI) 
on 8 p r e m a t u r e , ven t i l a to r dependen t i n f a n t s wi th BPD. Both 
m o d a l i t i e s of t r ea tmen t have resu l t ed in a s i g n i f i c a n t and 
s imi la r improvemen t in lung mechan ics measu red by the 
s ing le b rea th occ lus ion method . (P fenn inge r J. et al . , 1 993) 
Since ae roso l i zed b ronchod i l a to r s is de l ive red d i rec t ly 
to the i r s i te of ac t ion ( lower r e sp i r a to ry t rac t ) , it is l ikely 
that the dose requ i red is smal ler than the sys temic dose. It 
thus appears that us ing the inha led route wi l l resu l t in less 
sys temic side e f f e c t s of the med ica t ions . 
Nowadays , ae roso l ized med ica t ions can be de l ivered 
by u l t r a son ic nebu l i se r s , je t nebu l i se r s , mete red dose 
inha le rs (MDI) and dry powder inhaler (DPI) . All these four 
devices are commonly used in the t rea tment of adul t s and 
ch i ld ren with as thma. The use of DPI requ i res a r e la t ive ly 
large r e sp i r a to ry f low rate and also the p a t i e n t ' s coopera t ion . 
This device is t he re fo re not su i tab le for newborns and small 
i n fan t s , and DPI wil l not be d iscussed in our s tudy. 
There are only very few s tudies that compared the 
i amount of pu lmonary depos i t ion of aerosol de l ivered by the 
'i var ious devices . Some s tudies showed that pu lmonary 
depos i t ion of rad io labe l led sa lbutamol f rom u l t rasonic 
nebu l i se r s was s ign i f i can t ly greater than that f rom a je t 
1 
nebul i se r or MDI (Grigg J. et al. , 1992). Others have 
1 
however demonst ra ted that the par t ic le size of aerosols 
5 
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produced by u l t r a son i c nebu l i s e r s was too la rge to be 
e f f e c t i v e l y de l ive red to the lower r e sp i r a to ry t r a c t . ( N e w m a n 
S.P. et al . , 1987) Most of these s tud ies were p e r f o r m e d on 
adul t s and data f rom the d i rec t measu remen t of ae roso l 
depos i t i on in newborns and young in fan t s were not ava i l ab le 
due to fear of expos ing thei r younger sub jec t s to i r r ad i a t i on . 
Ind i rec t measu remen t us ing c l in ica l markers such as 
pu lmona ry f u n c t i o n test have been p e r f o r m e d on i n f an t s to 
eva lua te the e f f i c i e n c y of i nd iv idua l de l ivery 
d e v i c e s , ( L e S o u e f et al . , 1983) but compara t ive s tud ies of all 
dev ices under iden t i ca l exper imen ta l cond i t ions have not been 
r epor t ed . 
In th is r andomized c ross -over s tudy, we eva lua ted the 
changes in r e sp i ra to ry system mechan ics and func t i ona l 
r es idua l capac i ty (FRC) in 20 non-ven t i l a t ed in fan t s and 20 
ven t i l a t ed in fan t s with BPD fo l lowing the de l ivery of 
sa lbu tamol aerosol by an u l t rason ic nebu l i se r with a small 
cup, a MDI with spacer and two je t nebu l i se r s . The resu l t s 
al low us to compare ind i rec t ly the e f f i c i e n c i e s of the three 
cur ren t ly ava i lab le aerosol de l ivery devices in the de l ivery of 











C h a p t e r 2 O v e r v i e w s of B r o n c h o p u l m o n a r y 
D y s p l a s i a and b r o n c h o d i l a t o r t h e r a p y 
- - a l i t e r a t u r e rev iew : 
2.1 O v e r v i e w of B r o n c h o p u l m o n a r y D y s p l a s i a : 
B r o n c h o p u l m o n a r y d y s p l a s i a (BPD) is a ch ron i c lung 
d i s ea se of n e w b o r n i n f a n t s wh ich r e s u l t i n g f rom 
p r o l o n g a t i o n of the hea l i ng phase of severe r e s p i r a t o r y 
d i s t r e s s s y n d r o m e (RDS) and is c h a r a c t e r i z e d by 
i n f l a m m a t i o n , n e c r o s i s and f i b r o s i s i n v o l v i n g m u c o s a l , 
a l veo l a r , and vascu l a r t i s sues . The c o n d i t i o n is a s soc i a t ed 
wi th a gene ra l i z ed p u l m o n a r y oxygen t o x i c i t y and 
b a r o t r a u m a f rom p o s i t i v e p r e s su re v e n t i l a t i o n . ( N o r t h w a y 
W.H. et a l . , 1967 ) It is one of the most se r ious c o m p l i c a t i o n 
in su rv ivo r s of neona t a l i n t ens ive care r e s u l t i n g in long term 
oxygen d e p e n d e n c y and poor we igh t ga in , and p o s t n e o n a t a l 
m o r t a l i t y . 
i > 
i 
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: • i 
BPD deve lops in neona te s who are exposed to pos i t i ve 
I a i rway p re s su re and high oxygen t ens ion dur ing the f i r s t 
^ week of l i f e . This d i sease was f i r s t desc r ibed in 1967 by 
I 
’ N o r t h w a y and co -worke r s , who repor ted a group of p rema tu re 
i n f a n t s wi th hya l ine membrane d i sease (HMD) that fo l lowed 
an a typ ica l course . In these in fan t s , ins tead of the normal 
1 
i m p r o v e m e n t at 2 to 4 days and comple te r e s o l u t i o n by 1 
week of l i f e , phys ica l and r ad iog raph i c ev idence of 
p u l m o n a r y abnorma l i t i e s p e r s i s t e d . ( N o r t h w a y W.H. et al . , 
1967) Since then , BPD has been repor ted in newborns , who 
have ven t i l a t ed for other neona ta l cond i t i ons , such as apnea , 
mecon ium asp i ra t ion and pneumonia . (Far re l l P .M. et al . , 
1986) 
Most i n f an t s who develop BPD are p r ema tu re in fan t s 
(Banca la r i B. et al. 1979)，but the cond i t ion has also been 
desc r ibed in i n fan t s born at term. (Far re l l P .M. et al . , 1986) 
It is the most common cause of chronic r e sp i r a to ry 
i n s u f f i c i e n c y and a ma jo r cause of mor ta l i ty among p rematu re 
i n f an t s . (Edwards D.K. et al . , 1977) The repor ted inc idence 
of BPD ranges f rom 2.4% to 68%, with a overa l l inc idence of 
20% among all p remature in fan t s with hya l ine membrane 
d i sease . ( Far re l l P.M. et al . , 1986) (Anderson W.R. et al. , 
1971), and 25-40% in in fan t s weigh ing less than 1500g. 
(Horbar J .D. et al . , 1988) (Yu V.Y.H. et al . , 1983) 
(Markes tad T. et al . , 1981) (L. Mayes et a l .， 1 9 8 3 ) (Vohr 
B.R. et al . , 1982) The mor ta l i ty of this condi t ion is up to 20 
to 3 0%. (Yu V.Y.H. et al. , 1983) (Markes tad T. et aL, 1981) 
In fan t s with BPD in i t ia l ly present with delayed 
reso lu t ion of resp i ra tory d is t ress and cont inued requi rement 
for supplementary oxygen or even mechanica l ven t i l a t ion 
af te r 1 month of age. Same of in fan ts may need supplementa l 
oxygen for over a year . Spontaneous desa tura t ions occur 
8 
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f r e q u e n t l y in ven t i l a t ed i n f an t s wi th BPD p o s s i b l y as a resu l t 
of i nc reased pu lmona ry r e s i s t ance . (Durand et al . , 1992) 
The d iagnos t i c c r i t e r i a of BPD was de f ined by 
Banca la r i in 1979 (Banca la r i et a l .， 1 9 7 9 ) as: 1) Requ i r emen t 
of i n t e rmi t t en t pos i t i ve p ressu re ven t i l a t i on dur ing the f i r s t 
week of l i f e and for a min imum of three days. 2) P resence of 
c l in ica l s igns of chronic r e sp i r a to ry d i sease cha rac t e r i zed by 
t achypnea , i n t e rcos ta l and subcos ta l r e t r ac t ion and ra les on 
auscu l t a t i on , all of which pe r s i s t ing for longer than 28 days. 
3) Requ i r emen t of supp lementa l oxygen for more than 28 days 
to ma in t a in a PaO2 over 50 mmHg. 4) Chest r ad iograph 
showing pe r s i s t en t s t rands of dens i t i es in both lungs , 
a l t e rna t ing wi th areas of normal or increased lucency . A few 
years la ter , Avery et al. (Avery et al . , 1987) commented 
that the c r i t e r ia of oxygen dependency for 28 days was too 
loose for very low bi r th weight in fan t s , and proposed to 
rev ise this to oxygen dependency at a pos t concep t iona l age of 
36 weeks . 
With in the next few decades since BPD has been 
descr ibed , many s tudies have been carr ied out to iden t i fy an 
e f f i c i en t therapy for BPD infan t s . Among the many 
moda l i t i e s that have been inves t iga ted , shor t - te rm steroid 
given as sys temic dexamethasone has cons i s ten t ly been 
shown to be e f f ec t ive in improving the resp i ra to ry s tatus 
of in fan t s with es tabl i shed BPD and is now the mains tay of 
9 
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t r e a t m e n t fo r th i s c o n d i t i o n . ( M a m m e l M.C. et a l . , 1983) 
( H a r k a v y K.L . et a l . , 1989) For the i m m e d i a t e r e l i e f of the 
e p i s o d i c b r o n c h i o l a r c o n s t r i c t i o n c o m m o n l y o b s e r v e d in BPD 
i n f a n t s , s y s t e m i c b r o n c h o d i l a t o r has p r o v e d to be e f f e c t i v e 
and is now c o m m o n l y used in the t r e a t m e n t of t he se i n f a n t s . 
2.2 . B r o n c h o d i l a t o r T h e r a p y : 
2 .2 .1 . T h e r a p e u t i c va lue on i n f a n t s with B r o n c h o l i t i s : 
For a long t ime , the t h e r a p e u t i c va lue of b r o n c h o d i l a t o r 
t he r apy in i n f a n t s wi th B r o n c h o l i t i s r ema ined a c o n t r o v e r s y . 
Enge l et al in 1962 r epo r t ed that in i n f a n t s under the age of 
12 m o n t h s , b r o n c h i o l a r smooth musc l e was th in and poor ly 
d e v e l o p e d , and p r o b a b l y could not na r row the lumen of the 
a i rway by c o n t r a c t i o n . (Enge l et al . , 1962) This was 
s u b s e q u e n t l y suppor t ed by a number of c l i n i ca l s tud ies that 
d e m o n s t r a t e d the lack of e f f e c t of b r o n c h o d i l a t o r the rapy on 
the lung mechan i c s of young i n f an t s wi th b r o n c h o l i t i s . 
In 1969， Phe lan et al. admin i s t e r ed an aerosol of 
i s o p r e n a l i n e or o r c ip rena l ine to 10 i n f an t s aged 4 to 12 weeks 
wi th acute v i ra l b r o n c h i o l i t i s , and demons t r a t ed no 
••[ 
I s i g n i f i c a n t improvemen t in pu lmonary a i rway r e s i s t ance 
f o l l o w i n g drug de l ive ry . (Phelan P.D. et al . , 1969) Radfo rd 
: , i 
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in 1975 de l ive red nebu l i sed sa lbu tamol to 10 i n f a n t s 
we igh ing less than 10 Kg with wheezy b r o n c h o l i t i s , and did 
not obse rved any improvemen t in this a i rway r e s i s t a n c e 
measu red by whole body p l e t h y s m o g r a p h y . ( R a d f o r d M. et al . , 
1975) In the same year , a s tudy by Rut te r et al. showed that 
nebu l i s ed sa lbu tamol or i sop rena l ine had no b r o n c h o d i l a t i n g 
e f f ec t on i n f an t s aged 3 months to 3 years wi th wheezy 
b ronch i t i s . (Rut te r N. et al . , 1975) 
In 1978, Lenney and Milner measured the lung 
mechan ic s of i n f an t s and ch i ldren aged be tween 7 months to 
3 years 7 months be fo re and a f te r a dose of sa lbu tamol or 
pheny l eph r ine aeroso l , none of the ch i ld ren under the age of 
18 months showed any s ign i f i can t decrease in a i rway 
r e s i s t ance or improvement in thorac ic gas vo lume. In 
con t ras t , all those who were over 20 months of age showed a 
fa l l in a i rway res i s t ance of greater than 20%. (Lenney 
W. et al . , 1978) A s imilar observa t ion was made by Stokes 
in 1983. (Stokes G.M. et al . , 1983 ) 
At around the same t ime, con t ras t ing evidence was 
produced by other workers who demons t ra ted on that 
b ronchod i l a to r s given to even very young in fan t s were 
indeed bene f i c i a l . In 1977， Reid repor ted that smooth 
musc les were present at b i r th in the small a i rways as far as 
the pe r iphera l a lveolar duct . (Reid et al . , 1977) In 1983， 
Tal et al. carr ied out a randomized double bl ind randomized 
cont ro l led t r ia l on 32 in fan ts aged between 1 month and 12 
months with acute b ronch io l i t i s . In this s tudy, the 
1 1 
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c o m b i n a t i o n of i n t r a m u s c u l a r d e x a m e t h s o n e and i n h a l e d and 
ora l s a l b u t a m o l t r e a t m e n t r e s u l t e d in more than tw ice the ra te 
of i m p r o v e m e n t obse rved in i n f a n t s who were g iven 
d e x a m e t h s o n e or s a l b u t a m o l t r e a t m e n t on ly . (Tal A. et a l . , 
1983) 
In 1 9 8 9，C o n n e r et al. d e m o n s t r a t e d tha t s a l b u t a m o l 
d e l i v e r e d by m e t e r e d dose i nha l e r (MDI) and a space r dev ice 
was e f f e c t i v e in r e l i e v i n g the " a s t h m a t i c " s y m p t o m s of young 
i n f a n t s of 6 m o n t h s of age. (Conner et a l . , 1989) In a non-
r a n d o m i z e d p l a c e b o c o n t r o l l e d s tudy , Yukse l in 1990 
o b s e r v e d s i g n i f i c a n t i m p r o v e m e n t in the lung c o n d i t i o n of 
w h e e z y p r e t e r m i n f a n t s wi th a mean age of 12.5 mon ths 
f o l l o w i n g t r e a t m e n t wi th inha led b r o n c h o d i l a t o r . (Yukse l B. 
et a l . , 1990) 
In a b r o n c h i a l p r o v o c a t i o n s tudy us ing h i s t a m i n e , 
C la rke et al. in 1992 c o n f i r m e d the p r e sence of b r o n c h i a l 
r e s p o n s i v e n e s s in 45 i n f a n t s wi th a med ian age of 6.5 
mon ths . The r e sponse was i ndependen t of lower r e s p i r a t o r y 
t rac t symptoms inc lud ing wheez ing . (C la rke J .R. et a l . , 1 992) 
All the above s tud ies i nves t i ga t ed the e f f ec t of 
nebu l i s ed b r o n c h o d i l a t o r in young in f an t s wi th acute wheezy 
b r o n c h o l i t i s . The va r i ab i l i t y of the r e su l t s might be re la ted 
:j to the me thods of aeroso l de l ivery and also the me thods used 
for lung f u n c t i o n measu remen t . For example the fo rced 





for b e i n g i n s e n s i t i v e in d e t e c t i n g c h a n g e s in b r o n c h i o l a r 
r e s i s t a n c e as the m e a s u r e m e n t s were r e a d i l y a f f e c t e d by 
c h a n g e s in the uppe r or l a rge cen t r a l a i rway r e s i s t a n c e . 
2 .2 .2 . T h e r a p e u t i c va lue on i n f a n t s with 
B r o n c h o p u l m o n a r y d y s p l a s i a ( B P D ) : 
BPD is a s s o c i a t e d wi th h y p e r t r o p h y of the b r o n c h i a l 
smoo th m u s c l e , and o b s e r v a t i o n f i r s t d e s c r i b e d by N o r t h w a y 
et al . in 1967, ( N o r t h w a y W.H. et al . , 1967) and c o n f i r m e d by 
seve ra l s u b s e q u e n t s tud ies . ( B a n e r j e e C.K. et a l . , 1972) , 
(Rosan R.C. et al . , 1975) , (Bon ikos et a l . , 1976) , 
( 0 ' B r o d o v i c h H.M. et al . , 1985) It thus appea r s that 
b r o n c h i a l r e a c t i v i t y might p lay an impor t an t par t in the 
p a t h o g e n e s i s of BPD, and that b r o n c h o d i l a t o r t r ea tmen t 
migh t be p a r t i c u l a r l y u s e f u l in i n f a n t s wi th th i s c o n d i t i o n . 
Severa l s tud ies showed that b r o n c h o d i l a t o r s g iven 
\ s y s t e m a t i c a l l y to i n f a n t s wi th BPD migh t have b e n e f i c i a l 
1 
I e f f e c t s on the lung mechan ic s or c l in ica l c o n d i t i o n of the 
lung . In 1979, Rook l in et al. t r ea ted 11 BPD i n f a n t s aged 
25 to 145 days wi th i n t r avenous a m i n o p h y l l i n e and oral 
I t h e o p h y l l i n e . I n f a n t s less than 30 days of age all r e sponded 
i wi th a r educ t i on in a i rway r e s i s t ance and s u c c e s s f u l wean ing 
i f rom mechan i ca l ven t i l a t i on wi th in 72 hours , but some 
I i n f a n t s o lder than 30 days did not r e spond . This was be l i eved 
1 3 
to be due to ex tens ive f i b ro s i s of the lungs and i r r e v e r s i b l e 
a i rway o b s t r u c t i o n in the older i n f an t s . (Rook l in A.R. et al . , 
1979) 
In ano ther s tudy by Sosulsk i et al. in 1986, 
subcu taneous t e rbu t a l i ne given to 8 i n f an t s wi th BPD aged 
10 to 16 weeks were fo l lowed by improvemen t of both lung 
mechan ic s and a r te r ia l b lood gas up to 60 min. a f te r 
t r ea tmen t . (Sosu l sk i et al . , 1986) 
Two s tudies in 1988 showed s imi lar improvemen t on 
lung mechan ic s fo l lowing admin i s t r a t ion of b ronchod i l a to r 
th rough the gas t r ic tube to in fan t s with BPD. (Kraemet et 
al . , 1988) 
All the above s tudies provided convinc ing evidence that 
sys temic b ronchod i l a to r is u se fu l in the t rea tment of in fan t s 
wi th BPD. 
In a s tudy on 16 adult pa t ien ts with severe as thma, 
Lawford et al. in 1978 demons t ra ted in a doub le -b l ind , 
para l le l group study that t rea tment with nebul i sed sa lbutamol 
was super ior to in t ravenous t rea tment . In these pa t ien ts , 
a l though both modal i t i es t rea tment resul ted in s imilar 
improvement on the lung condi t ion , produced fewer unwanted 
ca rd iovascu la r e f f ec t s were observed fo l lowing aerosol 
t rea tment . (Lawford P. et al. , 1978) The same observa t ion 
was made in a double-b l ind , crossover study of 22 episodes 
1 4 
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of l i f e - t h r e a t e n i n g a s t h m a t i c a t tack in c h i l d r e n . ( B l o o m f i e l d 
P. et a l . , 1979) 
More r e c e n t l y , P f e n n i n g e r et al. in 1993 s tud ied 8 
v e n t i l a t o r d e p e n d e n t p r e m a t u r e i n f a n t s wi th ch ron i c lung 
d i s ea se to compare the e f f e c t s of i n t r a v e n o u s l y and inha led 
s a l b u t a m o l . The f i n d i n g showed that the i nha l ed rou te was 
a s s o c i a t e d wi th more s i g n i f i c a n t i m p r o v e m e n t in the lung 
m e c h a n i c s of the i n f a n t s . ( P f e n n i n g e r J. et al . , 1993) 
All of these o b s e r v a t i o n s showed that b r o n c h o d i l a t o r 
migh t be more u s e f u l than the sys temic rou te . This is l ike ly 
r e l a t ed to the h igh top ica l drug c o n c e n t r a t i o n in the a i rways 
and the r e su l t an t lower dose r equ i r emen t a s soc i a t ed wi th the 
use of i n h a l a t i o n the rapy . 
In recen t years , there is an i nc reas ing in te res t among 
n e o n a t o l o g i s t s in the use of ae roso l i zed b r o n c h o d i l a t o r s in 
the m a n a g e m e n t of i n f a n t s wi th BPD. In 1984，a s tudy by 
Kao et al. i nves t i ga t ed the e f f e c t s of i s o p r o t e r e n o l i nha la t ion 
on p u l m o n a r y mechan ic s in ten p re te rm i n f a n t s wi th BPD 
( p o s t c o n c e p t i o n a l age 41士1 weeks ges t a t i ona l age 30±1 
\ weeks , and b i r th weight 1590±200g ). In all i n f an t s , a 
丨 r educ t ion in a i rway re s i s t ance was observed wi th in 30 
•1 
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i In 1987，Luis et al. s tudied 8 mechan ica l ly ven t i l a t ed 
:丨 
newborn i n f an t s (b i r th weight 650 to 1060g, ges ta t iona l age 
:j j 




25 to 28 weeks ) wi th chronic lung d i sease . F o l l o w i n g a dose 
of n e b u l i s e d m e t a p r o t e r e n o l , the i n f an t s showed a s i g n i f i c a n t 
i nc rease in lung compl i ance , t i ta l vo lume , and tcPO2, and 
s i g n i f i c a n t decrease in pu lmonary r e s i s t ance and tcPCO2. 
S imi la r obse rva t i ons were made in a separa te s tudy by Wi lk ie 
et al . , (Wi lk ie R.A. et al . , 1987) and both s tud ies p rov ided 
ev idence that b ronchospasm con t r ibu ted s i g n i f i c a n t l y to the 
high pu lmona ry r e s i s t ance in p re te rm in f an t s wi th chronic 
lung d i s ea se . (Lu i s A. et a l.，1 9 8 7 ) 
In 1987, Motoyama et al. car r ied out a s tudy on 3 2 
v e n t i l a t o r - d e p e n d e n t p remaure in fan t s (mean ges t a t iona l age 
27.3 weeks ; mean b i r th weight 1.02Kg) wi th r e sp i r a to ry 
d i s t ress syndrome in whom BPD even tua l ly deve loped . By 
ser ia l ly measur ing thei r a i rway reac t iv i ty to nebu l i sed 1% 
i soe tha r ine (a be t a -agon i s t ) or a p lacebo , it was shown that 
a i rway reac t iv i ty was present as early as 26 weeks 
pos t concep t ion , and the younges t in fan t was only 2 days old. 
There was a h ighly s ign i f i can t cor re la t ion be tween the degree 
of a i rway reac t iv i ty and the sever i ty of r e sp i ra to ry d isease as 
de te rmined by the dura t ion of ven t i l a to r dependence . This 
s tudy conf i rmed the impor tance of airway reac t iv i ty in the 
pa thogenes i s of BPD. (E.K. Motoyama et al . , 1 987 ) 
In 1989， Rotschi ld et al. compared the e f fec t of 
sa lbu tamol and a p lacebo in a double -b l ind , randomized , 
c rossover study in 20 ven t i l a to r -dependen t pre term BPD 
infan t s weighing less than 1500g. Pat ients were entered as 




or un t i l ex tuba t i on . The s ta t ic compl i ance of the i n f a n t s 
improved s i g n i f i c a n t l y only a f t e r inha led s a lbu t amo l . The 
f i n d i n g s also showed that b r o n c h o d i l a t o r the rapy s t a r t ing as 
ear ly as the second week of l i fe is b e n e f i c i a l to very low 
b i r th we igh t i n f an t s who are at r isk of deve lop ing BPD. 
(A. Ro t sch i l d et al . , 1989 ) 
Yukse l et al. r epor ted a s tudy in 1990 on 10 p rema tu re 
i n f an t s (ges t a t iona l age 30 to 36 weeks , b i r th weight 550 to 
2440g ) who did not have c lass ica l BPD but had chronic 
cough or wheeze at age 8 to 26 months . S ign i f i can t 
improvemen t was no t iced in both symptom score and 
f u n c t i o n a l r es idua l capac i ty measured by the he l ium d i lu t ion 
t echn ique a f te r 2 weeks of t rea tment with t e rbu ta l i ne aerosol 
(2 p u f f s or 500pg twice dai ly) de l ivered by a metered dose 
inha le r th rough a spacer made of co f f ee cup. (B. Yuksel et 
al . , 1990) 
A study measur ing the response of the resp i ra to ry 
system mechan ics in 10 ven t i l a ted in fan t s (25±2 days of 
pos tna ta l age) with BPD to d i f f e r en t dosages of aeroso l ized 
Ip ra t rop ium Bromide plus Sa lbutamol was repor ted by 
丨 Brundage et al. in 1990. A dose-dependent reduc t ion in 
• i 
) r e sp i ra to ry system res i s tance observed in all the in fan t s , and 
this maximum improvement was achieved 1 to 2 hour af ter 





A s i m i l a r p l a c e b o - c o n t r o l l e d s tudy was c a r r i e d out by 
D e n j e a n et al . in 1992 to i n v e s t i g a t e the d o s e - r e l a t e d 
r e s p o n s e to s a l b u t a m o l ae roso l in 10 v e n t i l a t o r - d e p e n d e n t 
p r e m a t u r e i n f a n t s ( g e s t a t i o n 2 8 . 5 ± 1 . 8 week , b i r t h w e i g h t 790 
to 1340g , p o s t n a t a l age 13 .3±4 .9 days , cu r r en t w e i g h t 820 to 
1250g) at h igh r i sk of d e v e l o p i n g BPD. P a s s i v e r e s p i r a t o r y 
sys t em r e s i s t a n c e and c o m p l i a n c e were m e a s u r e d at 
b a s e l i n e and 10 m i n u t e s a f t e r a d m i n i s t r a t i o n of s a l b u t a m o l 
v ia a m e t e r e d dose i nha l e r and spacer dev ice . A 33% mean 
d e c r e a s e in r e s p i r a t o r y sys tem r e s i s t a n c e and a 67% mean 
i n c r e a s e in r e s p i r a t o r y sys tem c o m p l i a n c e was obse rved in 
mos t i n f a n t s f o l l o w i n g t r e a tmen t wi th 1 OO^ig of s a l b u t a m o l . 
Those who did not r e s p o n d e d to th is dose all i m p r o v e d when 
the dose was d o u b l e d . ( D e n j e a n A. et a l . , 1992) 
All the above s tud ies p rov ided c o n v i n c i n g ev idence that 
BPD is a s soc i a t ed wi th i nc reased a i rway r e s i s t a n c e , which 
could be a l l ev i a t ed by ae roso l i zed b r o n c h o d i l a t o r t r e a t m e n t . 
2.3. Three modes of aeroso l de l ivery dev ices 
- - u l t r a s o n i c nebu l i s er , jet nebu l i s er and metered 
dose inha ler : 
An aeroso l is a suspens ion of sol id pa r t i c l e s or l iquid 
d rop le t s in air . Being able to ach ieve h igh the rapeu t i c 
c o n c e n t r a t i o n s top ica l ly wi th in the r e sp i r a to ry t rac t wi thou t 






e f f e c t s , t h e r a p e u t i c ae roso l s have been used for many years in 
the m a n a g e m e n t of r e sp i r a to ry d i so rde r s in both adul t s and 
ch i ld ren . The use of t he rapeu t i c ae roso l s in newborns and 
young i n f a n t s is however a recent deve lopmen t an is s t i l l at 
an expe r imen ta l s tage. (S i lve rman M., 1990) 
One of the most impor tan t f ac to r s govern ing the 
p e n e t r a t i o n of aerosol pa r t i c l e s th rough the a i rways is the 
pa r t i c l e size of the aerosol . Only pa r t i c l e s of ae rodynamic 
d iamete r 1-5 ^im are cons idered “respirable，，. Larger 
pa r t i c l e s tend to impact at the upper and conduc t ing a i rways . 
The smal le r pa r t i c l e s behave l ike a gas and may be exhaled 
f rom the lungs . Other fac to rs that i n f l uence pu lmonary 
depos i t i on of aerosol inc lude the ve loc i ty of a i r f low, the 
b ranch ing pa t t e rn and the d iameter of the a i rway. (Newman 
S . P . e t a l.，1 9 8 3 ) 
Compared to adul ts , the amount of aerosol that can be 
de l ivered to the lungs of newborns and young in fan t s is 
r e l a t ive ly small due to the small size of thei r a i rway, their 
small t idal volume and short insp i ra to ry t ime. Bronch io la r 
cons t r i c t ion in BPD in fan t s fu r the r p revents aerosol 
pene t ra t ion into the lower resp i ra to ry t rac t . For these 
in fan t s , there is a need to iden t i fy the most e f f i c i en t del ivery 
sys tem. A br ief descr ip t ion of the current ly avai lable 




2 .3 .1 . Jet n e b u l i s e r : 
N o w a d a y s , the j e t n e b u l i s e r is the mos t c o m m o n dev ice 
for a d m i n i s t e r i n g t h e r a p e u t i c ae roso l s to y o u n g i n f a n t s . 
F i g u r e 1 shows a s c h e m a t i c d i ag ram of the c o n s t i t u e n t pa r t s 
of a mode l j e t n e b u l i s e r . This dev ice o p e r a t e s by f o r c i n g 
c o m p r e s s e d gas (a i r or oxygen ) t h r o u g h a na r row o r i f i c e . 
N e g a t i v e p r e s s u r e c rea t ed by the e x p a n d i n g j e t d raws l iqu id 
up a f e e d e r tube by the B e r n o u l l i e f f e c t . One end of the 
f e e d e r tube is i m m e r s e d in a so lu t ion r e s e r v o i r and the o ther 
near the j e t o r i f i c e . M i g r a t i o n of l iqu id f r o m the 
r e s e r v o i r to the j e t may be enhanced by a c a p i l l a r y e f f e c t 
w i t h i n the f eede r tube . L iqu id leaves the f e e d e r tube and 
en te r s the air j e t in a s teady s t r eam, wh ich is d i r ec t ed 
t o w a r d s an i m p a c t i o n p la te p o s i t i o n e d j u s t above the j e t 
o r i f i c e . Here the l iqu id s t ream is b roken up by i m p a c t i o n 
onto the p l a t e and air t u r b u l e n c e w i th in the j e t i t s e l f . A 
range of d rop le t s izes is fo rmed f rom which the la rger ones 
fa l l back to the r e se rvo i r or impac t onto the nebu l i s e r 
i n t e r i o r . L iqu ids condensed on the inner wal l of nebu l i s e r 
dr ip back to the r e se rvo i r for r e n e b u l i s a t i o n . Of the vo lume 
of a tomized d rop le t s , less than 1 pe rcen t l eaves the nebu l i s e r 
as p o t e n t i a l l y u s e f u l ae roso l , the res t be ing r ecyc led th rough 
the r e s e r v o i r . (Mercer T.T. , 1981) 
The f low rate of the air j e t is the p r imary de te rminan t 
of ae roso l ou tpu t . Higher f low ra tes inc rease the output and 
gene ra l ly causes a decrease in aerosol pa r t i c l e s ize both by 






i n c r e a s i n g the p r o b a b i l i t y of i n t e r c e p t i o n of r e s e r v o i r r e t u r n 
of l a rge r a e r o s o l p a r t i c l e s . 
Whi l e p r o v i d i n g the ene rgy for j e t n e b u l i s a t i o n , the 
a i r s t r e a m b e c o m e s s a tu r a t ed wi th wa te r vapo r . Given the 
h igh v e l o c i t i e s ( c o m m o n l y 60 m . p . h . ) of dry air p a s s i n g 
t h r o u g h the n e b u l i s e r j e t , and the l a rge s u r f a c e area of the 
d r o p l e t s , e v a p o r a t i o n is expec ted and is e v i d e n c e d by 
d e c r e a s i n g t e m p e r a t u r e and i n c r e a s i n g so lu te c o n c e n t r a t i o n 
w i t h i n the r e s e r v o i r so lu t i on . The o c c u r r e n c e of e v a p o r a t i o n 
has an i m p o r t a n t i n f l u e n c e on the p a r t i c l e s ize of n e b u l i s e d 
ae roso l . (Denn i s J .H. , 1990) 
2 .3 .2 . U l t r a s o n i c nebu l i s er : 
Figu re 2 is a s chema t i c d i ag ram of an u l t r a s o n i c 
n e b u l i s e r . The m e c h a n i c a l energy n e c e s s a r y to p roduce an 
ae roso l comes f rom the p i e z o e l e c t r i c t r a n s d u c e r , which 
v ib r a t e s at a h igh f r e q u e n c y imposed on it by an a l t e rna t i ng 
cu r ren t . The v i b r a t i o n s are t r an smi t t ed th rough the coup l ing 
l iqu id and a t h in -wa l l ed cup to the nebu l i s e r so lu t ion . At 
s u f f i c i e n t l y h igh u l t r a son ic i n t ens i t i e s , a f o u n t a i n of l iquid is 
f o r m e d , f rom its apex a j e t of la rge drops are emi t ted 
p e r i o d i c a l l y and a fog of smal l d rop le t s occur around the 
lower par t of the j e t . At h igher i n t ens i t i e s the j e t appears to 
丨 be a lmost a cy l inder of l iquid f rom which fog is con t inua l ly 
emi t t ed . (Mercer T.T. , 1980) 
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The s ize of the d r o p l e t s m a k i n g up the mis t d e c r e a s e s 
w i th i n c r e a s i n g f r e q u e n c y of the u l t r a s o n i c v i b r a t i o n . As 
wi th j e t n e b u l i s e r s , the m a j o r i t y of p a r t i c l e s in the 
u l t r a s o n i c a l l y n e b u l i s e d ae roso l c loud are r e c y c l e d t h r o u g h 
the r e s e r v o i r . In con t r a s t to j e t n e b u l i s e r s the m e c h a n i s m of 
u l t r a s o n i c n e b u l i s a t i o n does not cause s i g n i f i c a n t so lven t 
e v a p o r a t i o n , a l t h o u g h wa te r vapor is los t if amb ien t air is 
d rawn or b l o w n t h r o u g h the n e b u l i s e r du r ing a c t i v a t i o n . 
(Merce r T .T. et a l . , 1968) (Denn i s J.H.，1990) 
2 .3 .3 . M e t e r e d dose inha ler ( M D I ) : 
The use of the me te red dose inha le r (MDI) to de l ive r 
d rugs to the lungs of adu l t s and o lder ch i l d r en is wel l 
e s t a b l i s h e d . The drug is e i ther d i s so lved in so lu t ion or 
su spended (as f ine drug c rys t a l s ) in a l iqu id p r o p e l l a n t 
m i x t u r e of c h l o r o f l u o r o c a r b o n s (CFCs) wi th low b o i l i n g po in t 
in sea led can i s t e r . The p r o p e l l a n t s have a h igh vapor 
p r e s s u r e of about 400 kPa (>3 a t m o s p h e r e s ) , keep ing them in 
l iqu id phase wi th in the can i s t e r . To ae roso l i ze a l iqu id not 
m i s c i b l e wi th the p r o p e l l a n t s such as an aqueous so lu t ion , 
e thyl a lcoho l is added as a coso lven t to ensure a 
I 
h o m o g e n e o u s sys tem. With powder ( su spens ion ) ae roso l , in 
order to p reven t the aggrega t ion of c lumping of the 
smal l (<5 ^im d i ame te r )pa r t i c l e s , a low concen t r a t i on of 







of the d rug and act as a l u b r i c a n t . The m e t e r i n g va lve 
s u p p l i e s a v o l u m e ( 2 5 - 1 0 0 ^ 1 ) of s o l u t i o n per a c t u a t i o n . When 
the MDI is a c t u a t e d , the p r o p e l l a n t s e v a p o r a t e r a p i d l y on 
m e e t i n g a t m o s p h e r i c p r e s s u r e , and the c o n t e n t s of a smal l 
m e t e r i n g c h a m b e r are r e l e a s e d wi th r ap id , i n i t i a l v a p o r i z a t i o n 
of p r o p e l l a n t . This b r e a k s up the l iqu id s t r eam in to d r o p l e t s 
and p r o v i d e s the ae roso l wh ich i n i t i a l l y t r a v e l s at about 70 
m . p . h . , but s lows down wi th in a few c e n t i m e t e r s . The 
p a r t i c l e s ize of the ae roso l on l eav ing the MDI is l a rge r than 
the " r e s p i r a b l e " r ange , be ing 14-35 p,m in a e r o d y n a m i c 
d i a m e t e r . As a r e s u l t , mos t of the ae roso l i m p a c t e d in the 
uppe r a i rway . In adu l t s , 90% of the drug dose i m p a c t s in the 
o r o p h a r y n x , and only 1 0% is de l ive red to the lungs . 
To m a x i m i z e drug de l ive ry f rom MDIs , the dev ice if 
o f t e n used t oge the r wi th an ae roso l h o l d i n g chamber . The 
chamber enab les the p r o p e l l a n t d rop le t s in the spray to s low 
down b e f o r e r e a c h i n g the pa t i en t . This also a l lows t ime for 
the e v a p o r a t i o n of m o i s t u r e which s i g n i f i c a n t l y r educes 
p a r t i c l e s ize and inc rease lung d e p o s i t i o n . (Newman S.P. et 
al.，1984) 
2.3 .4 . Compar i son of the therapeut i c e f f i c i e n c y 
be tween jet nebu l i ser , u l t rason ic nebu l i s er 
and metered dose inhaler ( M D I ) : 
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At p r e s e n t , a e r o s o l i z e d b r o n c h o l i a t o r is d e l i v e r e d to the 
n e w b o r n s and smal l i n f a n t s wi th BPD mos t c o m m o n l y wi th a 
j e t n e b u l i s e r . U l t r a s o n i c n e b u l i s e r s have r e c e i v e d r a t h e r less 
a t t e n t i o n and MDIs are b e l i e v e d not s u i t a b l e to n e w b o r n s and 
smal l i n f a n t s b e c a u s e of the l a t t e r ' s i n a b i l i t y s y n c h r o n i z e 
b e t w e e n ae roso l r e l e a s e and i n h a l a t i o n . F o r m a l c o m p a r i s o n 
of t he se d e v i c e s in smal l i n f a n t s h o w e v e r have neve r been 
r e p o r t e d . 
2 . 3 . 4 . a . C o m p a r i s o n of par t i c l e s ize : 
P a r t i c l e s ize d i s t r i b u t i o n is an i m p o r t a n t d e t e r m i n a n t of 
the t h e r a p e u t i c e f f e c t of ae roso l s . S ince only p a r t i c l e s of a 
ce r t a in s ize r ange can p e n e t r a t e in to and depos i t at the lower 
r e s p i r a t o r y t r ac t . Ae roso l s emi t t ed f rom n e b u l i s e r s and MDIs 
do not con ta in p a r t i c l e s of only one s ize , the d i s t r i b u t i o n of 
wh ich may be desc r ibed by i ts mass med ian a e r o d y n a m i c 
d i ame te r (MMAD) and geomet r i c s t andard dev i a t i on . 
(Newaman S.P. , 1984) 
The p r o p o r t i o n of inha led ae roso l which con t a in s large 
pa r t i c e s (>5 ^im) does not no rma l ly reach the p e r i p h e r a l lung, 
but impac t s on the wal l of the upper r e s p i r a t o r y t rac t . 
C o n v e r s e l y , very f ine pa r t i c l e s (<0.5 p,m) behave l ike a gas 
and may be exha led ins tead of depos i t i ng in the lung. Thus 
of p a r t i c l e s wi th in the 0.5 [im - 5 ^im size range wi l l be 




be des igned to genera te ae roso l s wi th in th is s ize range . 
(Lewis R.A. et al . , 1985) 
In 1987, Clay et al. used the r ad io t r ace r t e chn ique to 
i n v e s t i g a t e whe the r the e f f ec t of pa r t i c l e size d i s t r i bu t i on on 
the amount of aerosol de l ivered to the lungs of adul t s wi th 
mi ld as thma. The f ind ing showed that a smal l pa r t i c l e size 
(MMAD<2 ^im) was assoc ia ted wi th a la rger amount of lung 
d e p o s i t i o n . ( C l a y M.M. et a l . ,1987) 
Cont ra ry to C l a y ' s obse rva t ion , Solomon et al. in 1987 
p rov ided ev idence that there was no d i f f e r e n c e in pu lmonary 
d i s t r i bu t i on or the rapeu t i c e f f ec t be tween b ronchod i l a to r 
aerosol of small (1.4 jim) pa r t i c l e size and one of 
la rger (5.5 ^im) size in pa t ien t s with severe but s table as thma. 
( S o l o m o n M . A . et al.，1987) 
A study by Newman et al. in 1987 compared the output 
and drople t size of aerosols genera ted by an u l t rason ic 
nebu l i se r (DeVi lb i ss Pu lmoson ic ) and a je t nebul i se r 
(DeVi lb i ss 646). Two opera t ing f low rates were used by the 
je t nebu l i se r was 6 and 12 L/min. The mass median diameter 
of pa r t i c l es was s imilar be tween the u l t r ason ic (5.4 ^m) and 
the je t nebu l i se r s opera t ing at 6 L/min (6.0 ^m) . When the 
f low rate of the je t nebul i ser was increased to 12 L/min, 
pa r t i c le size was s ign i f i can t ly smaller (3.7 ^im). The f ind ings 
also showed that the u l t rasonic nebul iser emit ted v i r tua l ly no 




a p p l i c a t i o n s r e q u i r i n g h igh y i e ld s of f i n e p a r t i c l e s for 
d e l i v e r y to the p e r i p h e r a l lung r e g i o n s . ( N e w m a n S.P . et a l . , 
1987) 
In 1990，Dio t et al. compared the e f f i c i e n c y of j e t 
n e b u l i s e r s and m e t e r e d - d o s e i nha l e r s (MDI) wi th a 
space r dev i ce in d e l i v e r y a l b u t e r o l to an in v i t ro mode l 
unde r v a r i o u s c o n d i t i o n s e x p e r i m e n t a l of m e c h a n i c a l 
v e n t i l a t i o n . The r e s u l t s showed that MMAD was 1.3 ^tm wi th 
the j e t n e b u l i s e r . MDI connec t ed to a spacer dev ice gave two 
d i f f e r e n t k inds of d i s t r i b u t i o n , d e p e n d i n g upon the a c t u a t i o n 
s e q u e n c e . A c t u a t i o n dur ing e x p i r a t i o n r e s u l t e d in r e l a t i v e l y 
l a rge p a r t i c l e s (MMAD 2.0 |Lim). All o ther MDI a c t u a t i o n s 
led to a b i p h a s i c d i s t r i b u t i o n , wi th a ove ra l l p a r t i c l e MMAD 
of 0 .22^im.(Diot P. et al . , 1995) 
2 .3 .4 .b . C o m p a r i s o n of aeroso l depos i t i on : 
Ful l e r et al. in 1990 s tud ied 21 v e n t i l a t o r - d e p e n d e n t 
adul t p a t i e n t s ( ave rage age 68 years ) to compare of 
p u l m o n a r y depos i t i on of r a d i o l a b e l l e d f e n o t e r o l aeroso l 
de l ive red by a m e t e r e d - d o s e inha le r (MDI) wi th aerosol 
ho ld ing chamber and a j e t nebu l i s e r . The r e su l t s showed that 
lung d e p o s i t i o n measured as a pe rcen t of g iven dose f rom 
e i ther sys tem was 5 .65±1 .09 (mean±SEM) for MDI and 
1.22土0.35 for j e t nebu l i se r . This s tudy thus demons t r a t ed 
the MDI is s i g n i f i c a n t l y more e f f i c i e n t than the je t nebu l i s e r 
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is de l i ve r i ng ae roso l to v e n t i l a t o r - d e p e n d e n t p a t i e n t s . (Fu l le r 
H.D. et al . , 1990) 
Ano the r s tudy by Grigg et al . in 1992 i nves t i ga t ed the 
de l ive ry of sodium c romog lyca t e was 14 in tuba ted neona tes 
by MDI and spacer (Aerochamber ) or u l t r a son ic nebu l i s e r 
(Pen t a son ic ) . Pu lmonary depos i t ion was 1.7% of the nomina l 
dose g iven by MDI, and 1.3% of that by u l t r a son ic nebu l i se r . 
These f i n d i n g s demons t ra t ed that the u l t r a son ic nebu l i s e r and 
the MDI were both able to a r easonab le amount of ae roso ls to 
ven t i l a t ed neona tes . (Grigg J. et al . , 1992) 
In 1994, Thomas G. et al. s tudied seven pa t i en t s (27 to 
95 years of age) who were rece iv ing mechan ica l ven t i l a t ion 
(Bear II) via t r acheo tomy tube (TT) to assess the pu lmonary 
depos i t ion of je t nebu l i sed aerosol . On average , 
30 .6±6 .3%(SD) of the nebul i sed dose was inhaled by the 
pa t i en t s . Mean depos i t ion in the TT dur ing insp i ra t ion was 
2.6±0.5o/o. Lung depos i t ion was 15.3±9.5o/o which was 
subs tan t i a l ly greater than that repor ted by p rev ious workers 
(1-2 .9%) . (Macln tyre N. et al . , 1985)(Ful le r H.D. et al. , 
1990) A total of 12.6±0.8o/o of the aerosol was exhaled 
(7 .0±5.2 depos i ted in the TT during exha la t ion and 5.8±5.4o/o 
exhaled into the vent i la tor c i rcui t ) . The resu l t s provided 
evidence that je t nebu l i sa t ion could be an e f f i c i en t method 
of de l iver ing aerosol ized solut ions to the lungs of 
mechan ica l ly vent i la ted pa t ien ts . (Thomas G. et al. , 1994) 
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2 . 3 . 4 � c . C o m p a r i s o n of p u l m o n a r y f u n c t i o n tes t : 
In a s tudy by O l i v e n s t e i n et al. in 1986, a i rway 
r e s p o n s e was e v a l u a t e d a f t e r s a l b u t a m o l was a d m i n i s t e r e d by 
MDI or an u l t r a s o n i c n e b u l i s e r (BUSN) to 19 adul t 
o u t p a t i e n t s wi th s t ab le o b s t r u c t i v e p u l m o n a r y d i s ea se . The 
r e su l t showed tha t s a l b u t a m o l a d m i n i s t e r e d by MDI but not 
by B U S N caused a s i g n i f i c a n t i nc rea se in FEV1 and mean 
f o r c e d e x p i r a t o r y f low over the midd l e ha l f of the fo rced 
v i t a l c a p a c i t y ( F E V 2 5 - 7 5 % ) ( O l i v e n s t e i n R. , 1986) 
A n o t h e r s tudy was ca r r ied out by Rober t et al. in 1991. 
who a s se s sed e f f e c t of the b r o n c h o d i l a t o r de l i ve red by 3 
d i f f e r e n t ae roso l de l ive ry sys tems ( u l t r a s o n i c n e b u l i s e r 
(USN) , j e t n e b u l i s e r ( JN) , and MDI ) in 17 s t ab le a s thma t i c 
adul t p a t i e n t s ( a g e range 26 to 5 2 yea r s ) , and d e m o n s t r a t e d 
s i g n i f i c a n t i m p r o v e m e n t in FEV 1 f o l l o w i n g the use of all 3 
de l ive ry sys t ems . (Rober t D. et a l . , 1991) 
In an i n v e s t i g a t i o n of the e f f e c t of s a lbu t amol aeroso l 
in s p o n t a n e o u s l y b r ea th ing ch i ld ren , Yukse l et al. in 1994 
s tud ied 15 ch i ld ren (median pos tna t a l age 9 mon ths , range 9-
18 mon ths ) born p r ema tu re ly at a median ges t a t i ona l age of 
27 weeks ( range 23-31) . Lung f u n c t i o n was measu red by 
p l e t h y m o g r a p h y be fo re and 5 and 15 min a f t e r sa lbu tamol 
g iven via a MDI wi th a spacer device ( c o f f f e e cup, vo lume 
lOOml) or a j e t nebu l i s e r ( min i -Neb , Bart Ltd . ) . The use of 
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the j e t nebu l i s e r but not MDI was a s soc i a t ed wi th 
d e t e r i o r a t i o n of a i rways r e s i s t ance (Raw) 5 minu t e s f o l l o w i n g 
sa lbu t amol t r ea tmen t . And improvemen t of Raw at 15 min 
was obse rved fo l l owing the use of both de l ive ry sys tems . 
There was no s i gn i f i c an t d i f f e r e n c e in the m a g n i t u d e of 
b r o n c h o d i l a t i o n be tween the two methods of a d m i n i s t r a t i o n . 
The au thors sugges ted that MDI should be the p r e f e r r ed 
method of aerosol admin i s t r a t i on s ince it use was not 
a s soc ia ted wi th the early pa radox ica l b r o n c o c o n s t r i c t i o n s . 
(Yukse l B. et al . , 1994) 
In a group of mechan ica l ly ven t i l a t ed neona te with 
BPD, Brundage et al. in 1990 demons t r a t ed that 
b r o n c h o d i a l t o r s admin i s te red by je t nebu l i se r improved lung 
f u n c t i o n . (Brundage K.L. et al . , 1990) In a la tes s tudy, 
however , Wat te rberg et al. in 1991 showed that the je t 
nebu l i se r might be very i ne f f i c i en t in t rea t ing in fan t s with 
BPD. In this s tudy, only 0.2% of the rese rvo i r dose could 
reach the i n f a n t s ' l ungs . (Wat te rbe rg K.L. et al . , 1991) 
The above s tudies showed that in the use of the rapeu t ic 
aerosols on human subjec t s , both lung depos i t ion and c l in ica l 
e f f ec t s were very var iab le . Very few s tudies had evaluated 
the e f f i c i ency of d i f f e ren t del ivery sys tems when used on 
neona tes . More, since none of the s tudies had compared all 
three current ly avai lable devices on newborns or young 
in fan t s under s imilar exper imenta l condi t ions , it is not known 
which of the devices could achieve the best therapeut ic 
e f f ec t s on this popula t ions of pa t ien ts . 
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C h a p t e r 3 P u l m o n a r y f u n c t i o n test in n e o n a t e s 
- - a l i t e r a t u r e rev iew : 
3 .1 . O v e r v i e w of p u l m o n a r y f u n c t i o n test in n e o n a t e s : 
P u l m o n a r y f u n c t i o n t e s t i ng (PFT) has been used for 
many yea r s in adu l t s and o lder ch i ld ren for the d i a g n o s i s and 
m o n i t o r i n g of r e s p i r a t o r y d i sease , and also for the e v a l u a t i o n 
of t h e r a p i e s . These t es t s have howeve r un t i l r e c e n t l y been 
r a r e ly ca r r i ed out in neona t e s and young i n f a n t s due to 
d i f f i c u l t i e s in ob ta in accura t e m e a s u r e m e n t f rom 
u n c o o p e r a t i v e p a t i e n t s and the lack for p r ec i s e , a p p r o p r i a t e l y 
s ized e q u i p m e n t . In recen t years , owing to t e c h n o l o g i c a l 丨 
a d v a n c e m e n t s in m i c r o p r o c e s s i n g and cur ren t 
i n s t r u m e n t a t i o n , r a p i d - r e s p o n s e gas f low sensors su i t ab le for 
n e o n a t a l m e a s u r e m e n t have become ava i l ab l e . These sensors 
are easy to ca l i b r a t e , and, once ca l ib ra t ed , r ema ins s tab le and 
accura t e in a m e a s u r e m e n t range that r eaches the gas vo lumes 
of even the smal les t newborn i n f an t s . These sensors 
c o n s t i t u t e the most impor t an t of p u l m o n a r y f u n c t i o n 
m e a s u r e m e n t equ ipment commonly used nowadays for the 
b e d s i d e m o n i t o r i n g neona ta l pa t i en t s . 
Pu lmona ry f u n c t i o n test in neona tes inc ludes con t ro l l ed 
m e a s u r e m e n t of pu lmonary mechan ics ( lung compl i ance (CL) 
and a i rway r e s i s t ance ( R a w ) )， l u n g vo lumes and capac i t i e s . 
丨 3 0 
3.2 . A s s e s s m e n t of p u l m o n a r y f u n c t i o n in n e o n a t e s : 
3 .2 .1 . P u l m o n a r y m e c h a n i c s : 
3 . 2 . 1 . a . Lung c o m p l i a n c e : 
The e l a s t i c p r o p e r t i e s of the r e s p i r a t o r y sys t em are 
q u a n t i f i e d by the m e a s u r e m e n t of c o m p l i a n c e , wh ich is 
d e f i n e d as the change in lung vo lume in r e s p o n s e to a change 
in t r a n s p u l m o n a r y p r e s s u r e . Lung c o m p l i a n c e may be a s ta t ic 
or a d y n a m i c m e a s u r e m e n t . 
(I) . Dynamic lung compl iance ( C d y n ) : 
Dynamic lung compl i ance (Cdyn) is deno ted by the ra t io 
of t ida l vo lume to the change in p leu ra l p r e s s u r e be tween end 
exp i r a t i on and end i n sp i r a t i on of quie t b rea th . This jus t 
measu re s the p u l m o n a r y compl i ance . Changes in p leura l 
p r e s s u r e are e s t ima ted by measu r ing the e sophagea l p res su re 
wi th a ca the te r passed th rough the nose or the mouth and 
p laced in the d i s ta l th i rd of the e sophagus . The esophagea l 
ca the te r is usua l ly f i l l ed wi th air and has a smal l 1 to 2 cu cm 
ba l loon at i ts d is ta l end to p reven t sec re t ions f rom occ lud ing 
the ca the te r or dampen ing the p ressu re s ignal . 
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A l t h o u g h th i s m e a s u r e m e n t is u s e f u l fo r the a c c u r a t e 
d e t e r m i n a t i o n of lung c o m p l i a n c e , it is s u b j e c t e d to many 
e r ro r s . The p r e s s u r e m e a s u r e d by e s o p h a g e a l c a t h e t e r s are 
a f f e c t e d by ca rd i ac mo t ion and e s o p h a g e a l p e r i s t a l s i s . 
A r t i f a c t s may also r e su l t f rom ches t wal l d i s t o r t i o n as wel l as 
by i r r e g u l a r b r e a t h i n g p a t t e r n s (LeSoue f P .N. et a l . , 1983) 
wh ich are p a r t i c u l a r l y common in smal l , c r i t i c a l l y i l l 
n e o n a t e s w i th very compl i an t ches t wa l l s . Ches t wal l 
d i s t o r t i o n is a lso i n f l u e n c e d by s leep s ta te , wh ich a f f e c t s the 
tone of the i n t e r c o s t a l m u s c l e s . (Thomson A. et a l . , 1983) 
For t he se r e a s o n s , it is o f t e n d i f f i c u l t to ob ta in r e p r o d u c i b l e 
m e a s u r e m e n t s of dynamic lung c o m p l i a n c e by m e a s u r e d by 
e s o p h a g e a l c a the t e r s . 
(II) . Stat ic lung compl iance : 
Ol insky and coworke r s in 1976 desc r ibed a n o n i n v a s i v e 
me thod of m e a s u r i n g the s ta t ic compl i ance of the r e s p i r a t o r y 
sys tem (Crs) in n e o n a t e s . ( O l i n s k y A. et al . , 1976) Sta t ic 
c o m p l i a n c e of the r e sp i r a to ry sys tem cons i s t s of lung 
c o m p l i a n c e (CL) and chest wal l compl i ance (Ccw) , the 
r e l a t i o n s h i p of which is r ep resen ted by the fo l l owing 
equa t ion : 
1/Crs = 1/CL + 1/Ccw 
Because chest wal l compl iance is very high in i n fan t s , 
i ts con t r i bu t i on to r e sp i r a to ry system compl i ance is 
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cons ide red for p rac t i ca l pu rposes neg l i g ib l e , and the 
measu red va lves of Crs c lose ly approx ima te those of lung 
compl i ance . 
The method descr ibed by Ol insky A. et al. in 1976 made 
use of the fac t that when the ai rway of the i n fan t s was 
occ luded , chest wal l movement would stop as a resu l t of the 
He r ing -Breue r r e f l ex . This resu l ted in cessa t ion of air f low 
th rough the a i rway, at the upper a i rway was the same as the 
i n t r a - a lveo l a r p ressu re . Her ing-Breuer r e f l ex which was by 
occ lud ing the a i rway at var ious poin ts in the t ida l volume 
range , the s ta t ic p ressures measured dur ing r e sp i r a to ry 
musc le r e l axa t ion at d i f f e r en t insp i ra to ry vo lumes al low a 
p r e s su re -vo l u me plot to be cons t ruc ted . Stat ic compl iance 
was de te rmined as the s lope of the l ine of least squares f i t 
ob ta ined by regress ion ana lys is . 
i 
A mod i f i c a t i on of this t echnique was developed by 
LeSouef and coworkers in 1984, who de te rmined compl iance 
us ing a s ing le -occ lus ion method. In fan t s b rea th ing through a 
pneumotachograph had their a i rways occluded at end 
insp i ra t ion . Once the Her ing-Breuer re f lex was induced and 
resp i ra to ry muscle re laxa t ion was achieved, the airway was 
unocc luded and expi ra t ion was al lowed to proceed pass ive ly . 
P lo t t ing of the pass ive f low-volume curve of the resp i ra tory 
system ext rapola ted to end expira t ion yie lded the total 
expi ra tory volume as the X in tercept . Compl iance of the 
resp i ra to ry system was then calcula ted as the rat io of total 
pass ive expi ra tory volume to the measured pass ive occlus ion 
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p r e s s u r e . Th i s o c c l u s i o n t e c h n i q u e were n o n i n v a s i v e , and 
cou ld ea s i l y be used bo th in the c r i t i c a l l y i l l and h e a l t h y 
i n f a n t s . ( L e S o u e f P .N. et a l . , 1984) 
P o p o w et al. in 1988 compared d y n a m i c lung 
c o m p l i a n c e (C ldyn) d e t e r m i n e d by the e s o p h a g e a l 
b a l l o o n wi th s t a t i c c o m p l i a n c e of the r e s p i r a t o r y sys tem 
(Crs ) m e a s u r e d by an a i rway o c c l u s i o n t e c h n i q u e in 10 
n e w b o r n i n f a n t s wi th va r ious c a r d i o - r e s p i r a t o r y d i s ea se s . 
They c o n c l u d e d tha t Crs m e a s u r e m e n t s were t e c h n i c a l l y 
eas i e r , more r e p r o d u c i b l e , and re l a t ed c lo se ly to lung 
c o m p l i a n c e . (Popow C. et al . , 1988) The s ing le o c c l u s i o n 
m e t h o d is more gene ra l l y accep ted as the mos t r e l i ab l e 
m e t h o d for the m e a s u r e m e n t of neona t a l and i n f an t lung 
m e c h a n i c s in c l in i ca l p r ac t i ce . 
I 
3 .2 .1 .b . R e s i s t a n c e : 
j 
The r e s i s t a n c e of the r e sp i r a to ry sys tem is caused by 
i 
I 
f r i c t i o n a l fo rce s be tween gas f low and the a i rway and lung 
t i s sue and is ca l cu la t ed as the ra t io of p r e s su re change to gas 
f low. There are th ree k inds of r e s i s t ance measu remen t , 
namely a i rway r e s i s t ance , pu lmona ry r e s i s t ance , and tota l 
r e s p i r a t o r y sys tem re s i s t ance . 
34 
I 
(I) . A i r w a y s R e s i s t a n c e : 
It is m e a s u r e d by the ra t io of p r e s s u r e change f rom 
m o u t h to a lveo l i to gas f l ow. The m e a s u r e m e n t of f low and 
a lveo l a r p r e s s u r e (PA) can be p e r f o r m e d us ing a c o n s t a n t -
v o l u m e p l e t h y s m o g r a p h desc r ibed by S tocks and c o w o r k e r s in 
1977. (S tocks J. et a l . , 1977) A f t e r t he rma l e q u i l i b r i u m has 
been a t t a ined w i th in the p l e t h y m o g r a g h i c box , the s lope of 
the curve p l o t t i n g a i r f l o w (V) aga ins t p r e s s u r e (Pbox) is 
m e a s u r e d . In order to assess the r e l a t i o n s h i p b e t w e e n Pbox 
and PA the i n f a n t s ' a i rway is occ luded , and the s lope of the 
curve p l o t t i n g mou th p r e s su re (Pm) aga ins t Pbox is ob t a ined . 
A s s u m i n g that dur ing a i rway occ lus ion , changes in Pm re f l ec t 
changes in PA, Raw is ca l cu l a t ed as f o l l o w s : 
Raw = (Pm/Pbox) / (v /Pbox) = Pm/V = PA/V 
j 
I i 
(II) . Pu lmonary Res i s tance : 
i i 




It is measu red by the ra t io of p res su re change in the 
i n t r a - p l e u r a l space to gas f low. The measu remen t of in t ra-
p l eu ra l p r e s su re r equ i res the use of an esophagea l ca the te r 
s imi la r to the method descr ibed for pu lmonary compl i ance . 
' • j 
Because r e s i s t ance changes th roughou t t idal b r ea th ing , the 
, 
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m e a s u r e m e n t is mos t f r e q u e n t l y s t a n d a r d i z e d by c a l c u l a t i n g 
r e s i s t a n c e at m i d - i n s p i r a t i o n and m i d - e x p i r a t i o n . ( K r e i g e r I. 
et a l . , 1963) 
( I I I ) . Tota l R e s p i r a t o r y Sys tem R e s i s t a n c e ( R r s ) : 
The a i rway o c c l u s i o n t e c h n i q u e for the m e a s u r e m e n t of 
to t a l r e s p i r a t o r y sys tem c o m p l i a n c e (Crs) can be used to 
m e a s u r e to t a l r e s p i r a t o r y sys tem r e s i s t a n c e . ( L e S o u e f P .N. et 
a l . , 1984) The p roduc t of r e s i s t a n c e and c o m p l i a n c e is known 
as the t ime cons t an t ⑴ ， w h i c h r e f l e c t s the t ime r equ i r ed for 
th i s m e t h o d , as desc r ibed p r e v i o u s l y under r e s p i r a t o r y sys tem 
c o m p l i a n c e , the a i rway is occ luded at e n d - i n s p i r a t i o n to 
gene ra t e a p a s s i v e exp i r a to ry f l o w - v o l u m e curve . The s lope 
of th i s p a s s i v e exp i r a to ry f l o w - v o l u m e curve is in un i t s of 
1/sec and r e p r e s e n t s the inverse of the t ime cons t an t ( l / x ) . If 
the f l o w - v o l u m e curve r ema ins l inear , it is a s sumed that the 
^ I 
e x p i r a t o r y phase r ema ins pas s ive a f t e r the H e r i n g - B r e u e r 
r e f l e x . The to ta l r e sp i r a to ry sys tem r e s i s t a n c e can be 
c a l c u l a t e d by d iv id ing by d iv id ing the t ime cons tan t wi th Crs 
Time cons tan t (x ) = Crs x Rrs 
Rrs = T / Crs 
In 1993, Spr inger C. et al. Compared is a group of 
i n f a n t s the of the a i rway re s i s t ance (Raw) measured 
t h roughou t the r e sp i r a to ry cycle by whole body 




r e s p i r a t o r y sys t em r e s i s t a n c e (Rrs ) can be m e a s u r e d 
by the s i n g l e - b r e a t h t e c h n i q u e . (Lesoue f P .N. et a l . , 1984) By 
s t u d y i n g 15 no rma l i n f a n t s and 20 i n f a n t s wi th v a r i o u s 
d e g r e e s of a i rway o b s t r u c t i o n , it was c o n c l u d e d tha t Rrs was 
a good e s t i m a t e of Raw in no rma l i n f a n t s and of ear ly 
e x p i r a t o r y Raw in all i n f a n t s . (Sp r inge r C. et a l . , 1993) 
C o m p a r i s o n of these two me thod was r e p e a t e d in 1995 
by D u n d a s and c o w o r k e r s in 86 hea l thy i n f a n t s (49 were < 
13 week of age and 3 7 were >13 week of age ) in 49 i n f a n t s > 
13 week of age wi th p r io r wheezy s y m p t o m s . They 
d e m o n s t r a t e d tha t the s i n g l e - b r e a t h o c c l u s i o n t e c h n i q u e was 
s imp le to use , and might be u s e f u l e p i d e m i o l o g i c a l s tud ies . 
In the e v a l u a t i o n of i nd iv idua l i n f a n t s , howeve r , the me thod 
migh t be l imi t ed by i ts f a i l u r e to de tec t the dynamic changes 
in r e s i s t a n c e t h r o u g h o u t the r e s p i r a t o r y cyc le wh ich could 
only be m e a s u r e d by p l e t h y s m o g r a p h i c s t u d i e s . ( D u n d a s I. et 
a l . , 1995) Desp i t e th is la t te r o b s e r v a t i o n , howeve r , the 
t e c h n i c a l s imp l i c i t y of the s ingle b rea th occ lus ion t e chn ique 
has made it the most commonly used method for a i rway 





3 .2 .1 . c . Func t iona l res idual capaci ty ( F R C ) : 
F u n c t i o n a l r e s idua l capac i ty (FRC) is one of the most 







d e f i n e d as the v o l u m e of air that r e m a i n s i n s ide the lung at 
the end of n o r m a l e x p i r a t i o n . 
FRC can be m e a s u r e d in i n f a n t s , as in adu l t s , u s ing the 
n i t r o g e n w a s h o u t or he l ium d i l u t i on t e c h n i q u e s . These 
t e c h n i q u e s re ly on m e a s u r e m e n t of iner t gas c o n c e n t r a t i o n s 
b e f o r e and a f t e r e q u i l i b r a t i o n to the a lveo l i . 
(I) . H e l i u m Di lu t ion t echn ique : 
In th i s me thod the in fan t b r ea thes in to a c losed c i rcu i t 
(F igu re 3) that con ta ins a w a t e r - s e a l e d s p i r o m e t e r , a he l ium 
a n a l y z e r , a b lower for p r e v e n t i n g r e b r e a t h i n g and for 
e n h a n c i n g mix ing in the c i rcu i t , a C 0 2 abso rbe r , and an 
I 
oxygen supp ly that can be r egu la t ed to c o m p e n s a t e for the | 
oxygen consumed dur ing the m e a s u r e m e n t . Whi le the i n fan t 
b r e a t h e s in to the c i r cu i t , he l ium in the c i rcu i t equ i l i b r a t e s 
wi th the gas in the lungs . 
The he l ium concen t r a t i on decreases unt i l it r eaches a 
new s teady s ta te , and equ i l ib r ium is cons ide red to be 
comple t e when the he l ium concen t r a t ion remains cons tan t for 
30 seconds . From the known in i t ia l vo lume of the c i rcui t 
(VI)，and the in i t i a l and f ina l he l ium concen t r a t i ons (HeI 
and HeF) , the unknown lung volume (FRC) added to the 
c i rcu i t can be ca lcu la ted as fo l lows : 
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i • . 4 
FRC = ( ( H e I - H e F ) / H e F ) x VI 
In c a l c u l a t i n g FRC, the f o l l o w i n g v o l u m e c h a n g e s need 
to be a c c o u n t e d fo r : (1) i n a c c u r a c y in the a d j u s t m e n t for 
o x y g e n c o n s u m p t i o n , (2) lung vo lume above FRC when an 
i n f a n t s t a r t s to e q u i l i b r a t e wi th h e l i u m , and (3) the dead 
space of the b r e a t h i n g va lve and mask . H e l i u m is an 
e x t r e m e l y i n s o l u b l e gas , and no s i g n i f i c a n t amoun t is 
a b s o r b e d f r o m the lungs dur ing the t e s t i n g . The m e a s u r e m e n t 
of FRC is r e p e a t e d in t r i p l i c a t e , and mos t i n f a n t s have all 
t h r ee v a l u e s wi l l w i th in 10% of each o the r . (Krauss A.N. et 




(II) . N i t rogen washout t echn ique : | 
i 
1 
In the n i t r ogen washou t t e c h n i q u e (F igu re 4), the 
p a t i e n t i nha l e s 100% oxygen and exha les via a 
p n e u m o t a c h o g r a p h , which measu res f low, and a n i t rogen 
ana lyze r . By u t i l i z i n g a compute r which p e r f o r m s b r e a t h - b y -
b rea th ana lys i s , it is pos s ib l e to de t e rmine the to ta l expi red 
vo lume and the f ina l n i t rogen concen t r a t i on of the exhaled 
gas. S ince the s t a r t ing concen t r a t i on of a lveo la r n i t rogen is 
known ( room air con ta ins app rox ima te ly 79% N2) , the in i t ia l 
r e s t i ng vo lume of the lungs (FRC) can be ca lcu la t ed f rom the 
f o l l o w i n g equa t ion : 
F R C = V o l u m e of expi red N2 / ( i n i t i a l - f i n a l ) a lveo la r N2 
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A l t h o u g h the bas ic p r inc ip l e of this t e c h n i q u e is 
s imi la r to the he l ium d i lu t ion t echn ique , it has the advan tage 
of us ing a s impler c i rcu i t which a l lows more conven ien t 
m e a s u r e m e n t at the ped ia t r i c beds ide . 
Both the he l ium d i lu t ion and the n i t rogen washout 
me thods for measu r ing FRC re f l ec t only the vo lume of in t ra-
p u l m o n a r y gas that read i ly communica te s wi th the cent ra l 
a i rways dur ing t idal b rea th ing . In sub jec t s wi th obs t ruc t ion 
a i rway d i seases , lung compar tment s d is ta l to the obs t ruc t ion 
may fa i l to equ i l ib ra te with the insp i red gas. In these in fan t s 
FRC may be unde res t ima ted by ei ther method . Thus increase , 
I 
_ I 
in FRC a f te r b ronchod i l a to r t rea tment p rov ides an indi rec t i 
i 
i nd ica to r of the e f f i cacy of the medica t ion . (Gerhard t T. et 
I 







C h a p t e r 4. S u b j e c t s and m e t h o d s : 
4.1 S u b j e c t s : 
40 p r e t e r m i n f a n t s d i agnosed c o n s e c u t i v e l y to have 
B r o n c h o p u l m o n a r y D y s p l a s i a in the N e o n a t a l Un i t , P r ince of 
Wales H o s p i t a l were en ro l l ed . All the i n f a n t s f u l f i l l e d the 
f o l l o w i n g e n r o l l m e n t c r i t e r i a : 
(1) G e s t a t i o n a l age < 32 weeks 
(2) B i r th we igh t < 1500 g 
(3) P o s t n a t a l age > 4 weeks 
j 
(4) R e q u i r i n g m e c h a n i c a l v e n t i l a t i o n for t r e a t m e n t of 
r e s p i r a t o r y d i s t r e s s syndrome for at leas t 3 days |丨 
i � 
dur ing the f i r s t week of l i f e 
(5) Ches t r a d i o g r a p h showing changes c o n s i s t e n t wi th 
B r o n c h o p u l m o n a r y Dysp l a s i a 
(6) Oxygen dependency at t ime of en ro l lmen t 
(7) R e s p i r a t o r y s ta tus and oxygen r e q u i r e m e n t be ing 
s tab le for at least 24 hours 
I n f a n t s wi th ana tomica l abnorma l i t i e s of the a i rway 
were exc luded . I n fo rmed consent was ob ta ined f rom the 
pa ren t s of all the i n f an t s enro l led . The s tudy was approved 
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by the E t h i c s C o m m i t t e e of the C h i n e s e U n i v e r s i t y of Hong 
K o n g . 
4.2 . M e t h o d s : 
4 .2 .1 . D e l i v e r y of aeroso l s a l b u t a m o l : 
A m o n g the 40 i n f a n t s en ro l l ed , 20 had a l r eady been 
e x t u b a t e d wh i l e the o ther 20 were t i l l v e n t i l a t e d - d e p e n d e n t at 
the t ime of e n r o l l m e n t . They were d iv ided in to two g roups . 
And each group was d iv ided into two s u b g r o u p s . 
4 .2 .1 .1 . S p o n t a n e o u s l y brea th ing n o n - v e n t i l a t e d 
in fant s ( g r o u p l ) : 
These i n f a n t s were subd iv ided into two g roups , in group 
lA (n=10) , the t he r apeu t i c e f f e c t s of s a lbu t amol aeroso l 
de l i ve red by a S ides t ream je t nebu l i s e r ( M e d i c A i d , U K ) , an 
u l t r a s o n i c nebu l i s e r (S iemens E lec t ron i c s Inc . , Sweden) and a 
M e t e r - d o s e d inha le r (MDI) (Ventolin® MDI, Glaxo , UK) were 
compared us ing a doub le -b l ind r andomized c ros s -ove r des ign . 
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In group lB (n=10) , s imi la r compar i son was made 
be tween the same MDI and u l t r a son ic nebu l i s e r but a 
d i f f e r e n t j e t n e b u l i s e r ( H u d s o n nebu l i se r , USA) . 
Each in fan t was given at 4 -hour ly in t e rva l s and in 
r andom order a nomina l dose of 200 ^ig sa lbu tamol aerosol 
by each device th rough a face mask held t igh t ly over the 
i n f a n t s ' s face cover ing the nose and mouth . The je t and 
u l t r a son i c nebu l i se r s were connec ted to a Laerda l 
R e s u s c i t a t i o n face mask (Laerda l , S tavanger , Norway) 
th rough a T -connec to r so that excess gas f low could escape 
th rough the e f f e r en t l imb of the connec tor . (F igure 5,6) 
I 
The S ides t ream and Hudson je t nebu l i se r s both opera ted 
at a f low rate of 6L/min. Two hundred microgram (0 .2ml) of , 
s a lbu tamol resp i ra to r so lu t ion (Ventolin®, Glaxo, UK) di lu ted 
to 4 ml wi th i so ton ic sal ine (0.9% sal ine) was added to the |' 
.� 
nebu l i se r rese rvo i r and nebul i sed t i l l ‘‘dry，，(when no more 
aerosol was v i s ib ly genera ted by the nebu l i se r ) . 
In us ing the Siemens u l t rasonic nebu l i se r s , a s imilar 
quant i ty of sa lbutamol resp i ra tor solut ion and i so tonic sal ine 
was p laced ins ide the small 10-ml medica t ion cup suppl ied 
toge ther with the nebul i ser by the manufac tu re r . The small 
med ica t ion cup was placed inside the s tandard 20-ml 
rese rvo i r to which 10 ml of s ter i le water had been added to 
serve as the coupl ing f luid for the t ransmiss ion of v ibra t ion 







u l t r a s o n i c n e b u l i s e r . N e b u l i s a t i o n was a lso a l l o w e d to 
c o n t i n u e t i l l "dry". 
MDI ae roso l was de l i ve r ed t h r o u g h a space r dev ice 
( N e o n a t a l A e r o c h a m b e r , T rude l l , Canada ) wh ich had been 
m o d i f i e d by r e m o v i n g i ts one -way va lve at the ou t l e t . The 
f ace mask of the space r was also r ep l aced wi th a sma l l e r 
L a e r d a l R e s u s c i t a t i o n Mask (Lae rda l , S t a v a n g e r , N o r w a y ) to 
ensu re a t i g h t e r f i t to the i n f a n t s ' f a c e . ( F i g u r e 7) Two p u f f s 
(lOO^ig s a l b u t a m o l per p u f f ) were ac tua t ed at e n d - e x p i r a t i o n 
one m i n u t e apar t , and the i n f an t was a l lowed to b r e a t h e into 
the A e r o c h a m b e r for 1 minu te b e f o r e the sys t em was 
r e m o v e d . The MDI can i s t e r was shaken v i g o r o u s l y for at 






4 .2 .1 .2 . V e n t i l a t o r - d e p e n d e n t in fants ( g r o u p 2 ) : 
I n f a n t s in group 2 were subd iv ided into group 2A 
(n=10) and 2B (n=10) for th is compar i son of the MDI, the 
u l t r a s o n i c nebu l i s e r and the two d i f f e r e n t types of j e t 
n e b u l i s e r as desc r ibed for the n o n - v e n t i l a t e d i n f a n t s . I n f an t s 
in group 2A rece ived three dose (200 ^ig per dose) of 
s a l b u t a m o l 4 hours apart and in random order f rom the MDI, 
the S iemens u l t r a son ic nebu l i se r , and the S ides t r eam je t 
n e b u l i s e r . The MDI aerosol was ac tua ted at end -exp i r a t i on 
⑧ 
into a MVi5 Aerochamber (Trude l l , Canada) which was 
inse r t ed be tween the ven t i l a to r Y-connec to r and the 
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e n d o t r a c h e a l t ube . The n e b u l i s e r s were c o n n e c t e d to the 
i n s p i r a t o r y t u b i n g of the v e n t i l a t o r c i r cu i t 20cm away f r o m 
the e n d o t r a c h e a l tube . The j e t n e b u l i s e r s e p a r a t e d at a f low 
ra t e of 6 L / m i n . The v e n t i l a t o r f low ra te was r e d u c e d 
a c c o r d i n g l y du r ing j e t n e b u l i s a t i o n so tha t t o t a l gas f low 
t h r o u g h the c i r cu i t and peak i n s p i r a t o r y p r e s s u r e r e m a i n e d 
u n c h a n g e d . The u l t r a s o n i c n e b u l i s e r r e q u i r e d no a d j u s t m e n t 
of v e n t i l a t o r f l ow ra te as no ex te rna l gas souce was i n v o l v e d . 
The c o n n e c t i o n of the MVis Aerochamber® and n e b u l i s e r s to 
the v e n t i l a t o r c i r cu i t is i l l u s t r a t e d in f i g u r e 8,9 and 10. 
The e x p e r i m e n t s were r epea t ed in i n f a n t s in g roup 2B in 
an i d e n t i c a l manne r except that the A i d e s t r e a m n e b u l i s e r was 
j 








4 .2 .2 . M o n i t o r i n g the c l in ica l parameters : 
All the i n f a n t s were mon i to red c o n t i n u o u s l y for the i r 
hear t ra te (HR) , r e s p i r a t o r y ra te (RR), pu l se ox ime t ry ( S a 0 2 ) , 
and t r a n s c u t a n e o u s P 0 2 (tcPO2) and P C O 2 (tcPc02) for 1 
hour a f t e r comple t i on of aeroso l de l ive ry . The va lues of these 
p a r a m e t e r s were r ecorded every minu te except dur ing and for 
2 m i n u t e s a f t e r lung f u n c t i o n measu remen t . 
4.2 .3 . Measurement of pu lmonary func t ions : 
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To ensure that this s tudy was t ru ly d o u b l e - b l i n d , 
ae roso l de l ive ry was car r ied out by a co l l eague and I was 
r e s p o n s i b l e for th is lung f u n c t i o n measu remen t . The aerosol 
was admin i s t e r ed to the i n fan t s beh ind a screen whi le I was 
wa i t ing in a room outs ide the Neona ta l Uni t . I was no t i f i ed 
when ae roso l de l ive ry was comple ted and all the de l ivery 
equ ipmen t had been d i sconnec ted f rom the in fan t . Ne i the r of 
us was invo lved in the c l in ica l management of the i n fan t s . 
Right be fo re aerosol de l ivery , base l ine r e sp i r a to ry 
sys tem compl iance (Crs) , r e sp i ra to ry sys tem res i s t ance 
(Rrs) , and func t i ona l res idua l capaci ty (FRC) were measured 
us ing the Sensormedics Pu lmonary Cart (Senso rmed ics , Yorba 
Linda , C.A. , USA). The measurements were repea ted at 15 : 
「 
min. , 30 m i n .， 1 hour (60 min. ) , and 2 hours (120 min . ) a f te r ' 
comple t ion of de l ivery . Each measurement requ i red for no lj 
、丨 
longer than 7min. . •> 
Resp i r a to ry system compl iance (Crs) and Res i s tance 
(Rrs) were measured in all in fan ts using the pass ive f low-
volume techn ique ( s ing le -brea th occ lus ion technique) 
descr ibed in Chapter 3(LeSouef P.N. et al . , 1984) Pass ive 
exp i ra to ry f low was measured with a low-dead space (1.8 ml) 
pneumotachograph (Hans Rudolph, Kansas City, USA) which 
was e i ther connected to a Laerdal face mask held t ight ly over 
the i n f a n t ' s face (group 1) or inser ted be tween the Y-
connector of the vent i la tor circui t and the endot racheal tube 
(group 2). 
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The p n e u m o t a c h o g r a p h , as shown in f i gu re 11 cons i s t ed 
of a b u i l t - i n p n e u m a t i c a l l y dr iven s l id ing va lve used for 
a i rway occ lus ion , a pos i t ion va lve used for connec t ing the 
face mask or the endo t rachea l tube , and a side por t which was 
connec ted to a p res su re t r ansducer for the measu remen t of 
a i rway p re s su re . 
All the measu remen t s were car r ied out dur ing quiet 
b r e a t h i n g s . A brea th was accepted for ana lys i s only when the 
occ lus ion p res su re reached a th resho ld and a s tab le p la teau . 
Crs and Rrs were ob ta ined f rom the mean va lues of at least 10 




Func t iona l res idua l capaci ty (FRC) was measured only 丨 
I 
in the group 1 in fan t s using the n i t rogen washout t echn ique : 
(Gerhard t T. et al . , 1985) which was also descr ibed in 
Chapter 3. In this t echnique , exhaled brea ths through the 
face mask in group 1 were washed to a mixing chamber by a 
cons tan t f low of 100% oxygen. The concen t ra t ion of n i t rogen 
leaving the mixing chamber was analyzed con t inuous ly with a 
n i t rogen analyzer and displayed graphica l ly as well as 
numer ica l ly on the computer screen. Washout was complete 
when n i t rogen concent ra t ion fel l to zero percent a f te r the 
in i t ia l r i se . FRC was calcula ted by the computer f rom the 
to ta l vo lume of n i t rogen washed out, and the concent ra t ion of 
a lveolar n i t rogen before and af ter washout . A test was 
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a c c e p t e d fo r c a l c u l a t i o n when the p a t i e n t was b r e a t h i n g 
q u i e t l y and j u s t a s ing le peak appea red on the c o m p u t e r 
s c r een d u r i n g one t e s t . FRC was ob t a ined f r o m the mean of 
t h ree r e p e a t e d m e a s u r e m e n t s wh ich in every i n f a n t were wel l 
w i t h i n 1 0% of each o the r . 
4 .2 .4 . S t a t i s t i c s : 
M e a s u r e m e n t s ob t a ined f rom each group of i n f a n t s were 
c o m p a r e d us ing one -way r epea t ed m e a s u r e s ana ly s i s of 
v a r i a n c e ( A N O V A ) . When a s i g n i f i c a n t d i f f e r e n c e was 
；I 
d e m o n s t r a t e d , the va lues were f u r t h e r ana lyzed by S tuden t - | 
N e w m a n - K e u l me thod for m u l t i p l e p a i r w i s e c o m p a r i s o n . 丨 、 
j 
i , 
.1 I 、 
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C h a p t e r 5 R e s u l t s 
A to t a l of 40 p r e t e r m i n f a n t s were r e c r u i t e d in to th i s 
s tudy . They were d iv ided in to 2 g roups a c c o r d i n g to w h e t h e r 
or not they r e q u i r e d m e c h a n i c a l v e n t i l a t o r (g roup 1: non-
v e n t i l a t e d ; g roup 2: v e n t i l a t e d ) . Each group was f u r t h e r 
d i v i d e d in to two s u b g r o u p s (g roup l A and l B , g roup 2A and 
2B) . The u l t r a s o n i c n e b u l i s e r and MDI used were i den t i c a l 
among all g roups . The S ides t r eam j e t n e b u l i s e r (Med iAid 
，UK) was used in group 1A and 2A, and the Hudson j e t 
n e b u l i s e r ( H u d s o n , USA) was used in group 1B and 2B. 7 
ma le and 3 f e m a l e i n f a n t s in group l A , 6 male and 4 f e m a l e in 
I 
group l B , the male and f ema le r a t ios were 6:4 and 5:5 [� 
:、 
r e s p e c t i v e l y in group 2A and 2B. The d e m o g r a p h i c 1 
.'I 




N e b u l i s a t i o n t ime of s a lbu tamol ae roso l was about 12 
m i n u t e s for the u l t r a s o n i c nebu l i se r and 15 minu te s for the j e t 
n e b u l i s e r s . The MDI and spacer device took two minu te s to 
de l ive r the p r e s c r i b e d dose of s a lbu tamol . S u f f i c i e n t number 
of quie t b r ea th s could be ob ta ined f rom all i n f a n t s for lung 
f u n c t i o n m e a s u r e m e n t s wi thou t the need for seda t ion . 
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5.1. Cl in ica l parameters : 
The base l ine heart rate (HR), r esp i ra to ry rate (RR), 
SaO2, tcPO2 and tcPCO2 of the in fan ts immedia te ly before 
t rea tment were shown in Table 3 and 4. Fo l lowing aerosol 
de l ivery by all the devices , s ign i f i can t t achycard ia was 
observed in both group of in fan t s . Maximum heart rate wi thin 
the f i r s t 60 minutes af ter t rea tment ranged f rom 185 to 210 
per minute in group 1 and 165 to 195 per minute in group 2. 
Resp i ra to ry rate , SaO2, tcPO2 and tcPCO2 f luc tua ted markedly 
th roughout the per iod of moni tor ing and no de f in i t e trend ;’ 
i 
i i 





The values of the above cl inical parameters within the | 
1 
f i rs t 60 minutes af ter aerosol t reatment were p lo t ted against � 
t ime. By compar ing the areas under the curves (Table 5 and 
6), it could be shown that in both groups, s ign i f i can t ly higher 
heart rate was associa ted with the use of u l t rasonic nebul iser 
and MDI than with the jet nebul iser . In contras t , there was no 
s ign i f ican t d i f fe rence in RR or SaO2 fo l lowing aerosol 
del ivery by any of the devices. 
In both groups, the use of the ul t rasonic nebul iser was 
apparent ly associated with the highest tcPO2 and lowest 
tcPCO2, while the jet nebul iser had produced the opposi te 
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3 
e f f e c t . But as shown by m u l t i p l e p a i r w i s e c o m p a r i s o n , 
d i f f e r e n c e s in bo th p a r a m e t e r s f o l l o w i n g the use of the two 
d e v i c e s were s i g n i f i c a n t only in g roup 1. The d i f f e r e n c e s 
b e t w e e n the u l t r a s o n i c n e b u l i s e r and MDI were less o b v i o u s , 
b e i n g s t a t i s t i c a l l y s i g n i f i c a n t only in t c P 0 2 in g roup 1A and 
2A. When the MDI and j e t n e b u l i s e r were c o m p a r e d , the 
f o r m e r was a s s o c i a t e d wi th s i g n i f i c a n t l y lower t c P C 0 2 in 
g roup l B . 











Table 7 and 8 shown the Crs of i n f a n t s b e f o r e and a f t e r 、. 
ae roso l de l i ve ry . In bo th g roups , s a l b u t a m o l ae roso l 
de l i ve r ed by all the dev ices had l i t t l e e f f e c t on Crs and only 
i n f a n t s on group 2B showed a smal l s t a t i s t i c a l l y s i g n i f i c a n t 
i m p r o v e m e n t in Crs at 30 and 60min . a f t e r ae roso l t r ea tmen t 
f rom the u l t r a s o n i c nebu l i s e r . But even in th is group the 
i m p r o v e m e n t was very smal l . In con t ras t , Rrs in all 40 
i n f a n t s dec reased fo l l owing sa lbu tamol t r ea tmen t (Table 
9,10)， and reached a t rough at 30 minu tes a f t e r aeroso l 
de l i ve ry . Subsequen t ly , Rrs g radua l ly r e tu rned to the base l ine 
va lues a f t e r 120min. of aerosol de l ive ry , at which t ime point 
only the use of u l t r a son ic nebu l i se r was assoc ia ted wi th Rrs 
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s i g n i f i c a n t l y lower than the p r e - t r e a t m e n t v a l u e s . Tab l e 11,12 
and f i g u r e 20 -23 show the p o s t - t r e a t m e n t d e c r e a s e in Rrs 
e x p r e s s e d as p e r c e n t a g e of the b a s e l i n e Rrs . In g roup 1, the 
use of MDI and u l t r a s o n i c n e b u l i s e r was a s s o c i a t e d wi th 
s i g n i f i c a n t l y g rea t e r i m p r o v e m e n t in Rrs than tha t wi th the j e t 
n e b u l i s e r at 15 min . , 30 min . , and 60 min . a f t e r ae roso l 
d e l i v e r y ( F i g u r e 20 and 2 1 )，a n d the d i f f e r e n c e s were � 
s u s t a i n e d up to 120 min . in group 1B (F igu re 21) . In 
c o m p a r i n g the u l t r a s o n i c n e b u l i s e r wi th the MDI, 
i m p r o v e m e n t in Rrs in bo th subg roups appea red to be g rea te r 
f o l l o w i n g the use of the u l t r a s o n i c n e b u l i s e r , a l t hough 
s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s were obse rved only at 60 
t 
min . a f t e r ae roso l de l ive ry in group l B . In g roup 2， 丨 
i m p r o v e m e n t in Rrs f o l l o w i n g s a lbu t amo l t r e a t m e n t f o l l o w e d ) 
the same p a t t e r n in those in group 1. The use of all th ree > 
. ( 
dev ice s all r e s u l t e d in a s i g n i f i c a n t drop in Rrs which r eached : 
j 
^ ; j i 
i ts t r ough at 30 min . and r e tu rned to the b a s e l i n e va lves at ！ 
120 min . . The use of the u l t r a son i c n e b u l i s e r or MDI was ？ 
、： 
a s s o c i a t e d wi th s i g n i f i c a n t l y g rea te r i m p r o v e m e n t than that 
wi th the j e t n e b u l i s e r at 15min. , 30min . , and 60min . in group 
2A and f r o m 15 th rough 120min. in group 2B. C o m p a r i s o n of 
the u l t r a s o n i c nebu l i s e r and MDI showed that the use of 
u l t r a s o n i c nebu l i s e r was a s soc ia t ed wi th s i g n i f i c a n t l y grea te r 
i m p r o v e m e n t in Rrs at 15min. and 30min . in group 2A(F igu re 
22)，and f rom 30 th rough 120min. in group 2B (F igure 23). 
5.2 .2 . Func t iona l res idual capaci ty ( F R C ) : 
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FRC of the i n f a n t s be fo re and a f t e r t r ea tmen t in Group 1 
are shown in Table 13. Unl ike Rrs , improvemen t in FRC was 
obse rved only fo l l owing aerosol de l ivery by the MDI and 
u l t r a s o n i c nebu l i s e r . Peak va lues were observed at 30 min. , 
a f t e r which FRC gradua l ly re tu rned to the base l ine va lues . 
There was no s i g n i f i c a n t change in FRC th roughou t the s tudy 
pe r iod a f t e r j e t nebu l i s a t i on . The use e i ther of MDI or 
u l t r a s o n i c nebu l i s e r appeared to be assoc ia ted wi th a grea ter 
i m p r o v e m e n t than that with the je t nebu l i s e r . However , 
s t a t i s t i c a l l y s i gn i f i can t d i f f e r e n c e were observed be tween the 
u l t r a son i c nebu l i se r and je t nebu l i se r at 15 and 30min. in 
group l A , and be tween the u l t r ason ic nebu l i se r and MDI and 
<t 
j e t nebu l i s e r at 15 th rough 30min. in group 1B. In group 2B, 
i. 
p roduced a s i gn i f i c an t l y greater in FRC at 30 and 60min. in 
、’ 
compar i son to that fo l lowing the use of the u l t r a son ic : 
. v 




C h a p t e r 6 D i s c u s s i o n 
Bryan et al. in 1973 d e m o n s t r a t e d that i n f a n t s wi th BPD 
are c o m p l i c a t e d by a dec r ea s ing lung c o m p l i a n c e , a sma l l e r 
f u n c t i o n a l r e s i d u a l capac i ty , and CO2 r e t e n t i o n . (Bryan M.H. 
et a l . , 1973) M o r e o v e r , many au thors have p r o v i d e d ev idence 
that these i n f a n t s f r e q u e n t l y have c l in i ca l ep i sodes of 
b r o n c h o s p a s m on top of p e r s i s t e n t a i rway 
o b s t r u c t i o n . ( N i c k e r s o n B.G. et al . , 1979) (Smyth J .A. et al . , 
1981) These f i n d i n g s sugges t that i nc reased a i rway r e s i s t a n c e 
is an i m p o r t a n t f ea tu r e of th is d i sease . 
P r e v i o u s s tud ies have repor ted that i n f a n t s wi th BPD 
had p e r i b r o n c h i o l a r smooth musc le edema and h y p e r t r o p h y as 
two m a j o r h i s t o l o g i c f i nd ings . These change were p re sen t in 
a f f e c t e d i n f an t s as ear ly as 1 week a f t e r the onset of 
m e c h a n i c a l ven t i l a t i on . (Norh tway W.H. et al . , 
1 9 6 7 ) ( B a n e r j e e C.K. et al . , 1972) There is the enough 
ev idence that inc reased a i rway r e s i s t ance in i n f a n t s wi th BPD 
is pa r t ly due to smooth musc le hype r t rophy in the smal l 
a i rway , and t r ea tmen t of these i n fan t s wi th sa lbu tamol , a p_ 
2 -agon i s t b ronchod i l a t o r , that d i rec t ly re laxes the b ronch ia l 
smooth musc le , should resul t in b r o n c h o d i l a t i o n and 
r educ t ion of a i rway res i s t ance . 
In cons ide r ing the use of sa lbu tamol for the t r ea tment 
of BPD in fan t s , we be l ieve that the inhaled route might be 
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s u p e r i o r to the sy s t emic rou te as i ts use is a s s o c i a t e d wi th a 
h i g h e r t o p i c a l drug c o n c e n t r a t i o n in the a i rways and m i n i m a l 
s y s t e m i c s ide e f f e c t s . ( P f e n n i n g e r J. et al in 1993) H o w e v e r , 
b r o n c h o d i l a t o r ae roso l is n o w a d a y s c o m m o n l y used in the 
m a n a g e m e n t of b r o n c h i a l c o n s t r i c t i o n in adu l t s , ch i l d r en 
and o lder i n f a n t s , the re is l i t t l e i n f o r m a t i o n a v a i l a b l e in 
med i ca l l i t e r a t u r e in use on BPD i n f a n t s , e s p e c i a l l y those 
who do not r e q u i r e m e c h a n i c a l v e n t i l a t i o n . 
In th i s s tudy , we eva lua ted the b r o n c h o d i l a t i n g e f f e c t of 
s a l b u t a m o l ae roso l admin i s t e r ed by an u l t r a s o n i c n e b u l i s e r , 
two j e t n e b u l i s e r s and the MDI wi th spacer dev ice to 20 non-
v e n t i l a t e d i n f a n t s and 20 ven t i l a t ed i n f a n t s wi th BPD by 
us ing p u l m o n a r y f u n c t i o n m e a s u r e m e n t . 
6.1. N o n - v e n t i l a t e d group (group 1 ) : 
Li t t l e i n f o r m a t i o n is ava i l ab le in med ica l l i t e r a tu re on 
the de l ive ry of ae roso ls to non -ven t i l a t ed neona te s or small 
i n f a n t s wi th BPD. In a group of r e l a t i ve ly old i n f a n t s (9 to 
36 months ) wi th wheezy symptoms , Salmon et al. in 1990 has 
demons t r a t ed that pu lmonary depos i t i on of sodium 
c romog lyca t e aerosol de l ivered by je t nebu l i s e r or MDI with 
a va lued spacer device is small and va r i ab le , be ing 0.5 to 
1.50/0 of the de l ivered dose. (Sa lmon et al . , 1990) Other 
s tud ies on neona tes and small i n f an t s have been shown that 
be t a - agon i s t aerosols de l ivered by these two devices can 
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improve a i rway re s i s t ance or FRC. (Yukse l B. et al . , 1994) 
We are not aware of any s tudies on the use of u l t r a son ic 
nebu l i s e r s in non-ven t i l a t ed in fan t s . 
In this s tudy, all non-ven t i l a t ed in fan t s showed in a 
s i gn i f i can t r educ t ion in Rrs and improvement in FRC a f te r 
t r ea tment with sa lbu tamol aerosol . With all the dev ices , the 
b ronchod i l a t i ng e f f ec t was maximum in 30 minu tes a f te r 
aerosol de l ivery , and sus ta ined for about two hours . The 
longes t dura t ion of act ion was assoc ia ted with the use of the 
u l t r a son ic nebu l i se r . Among the in fan t s in group lA , 
maximum reduc t ion in Rrs associa ted with each device was 
5 6% for the u l t rason ic nebul i se r , 49% for the MDI with 
spacer device , and 21 % for the Sides t ream je t nebu l i se r . In 
group l B , s imi lar improvement was observed fo l lowing 
aerosol de l ivery by the u l t rasonic nebul i se r and MDI with 
spacer device , but je t nebu l i sa t ion using a d i f f e r en t nebul i se r 
(Hudson) was associa ted with a greater decrease (30%) in Rrs 
than those in group lA . 
Because a great p ropor t ion of total a irway res i s tance 
or ig ina tes from the upper and conduct ing airway which does 
not respond to b ronchodi la to rs , the actual decrease in lower 
resp i ra tory tract res i s tance associa ted with each device 
should be subs tant ia l ly higher than that observed. Contrary 
to Rrs, the increase in FRC is more an apparent phenomenon 
than real . It is because in neonates with BPD, some lung 
compar tments may fai l to equi l ibra te with the inspired gas 
due to airway obst ruct ion , resul t ing in underes t imat ion of 
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FRC by the n i t rogen washout t echn ique . Thus inc rease in FRC 
a f te r b r o n c h o d i l a t o r aerosol ind ica tes re l ie f of a i rway 
obs t ruc t i on in response to the t r ea tment . (LeSouef P.N. et al . , 
1984) 
In cont ras t to Rrs and FRC, a cons i s ten t change in Crs 
was not observed a f te r b ronchod i l a to r aerosol t r ea tmen t . It is 
l ike ly that improvement in Crs fo l lowing re l ie f of b ronch ia l 
cons t r i c t ion is caused by rec ru i tment of the a te lec ta t i c 
a lveo l i . When there is only mild BPD changes , as was the 
case in our in fan t s , a lveolar a te lec tas i s is i n s ign i f i c an t and 
improvement in Crs fo l lowing b ronchod i l a to r aerosol 
t r ea tment may not be demons t rab le . 
With r e fe rence to the c l in ica l pa ramete rs , s ign i f i can t 
t achycard ia was observed in all 20 in fan t s in this group 
fo l lowing sa lbutamol aerosol del ivery by all the devices . By 
compar ing the areas under the curves , it could be shown that 
s ign i f i can t ly higher heart rate was associa ted with the use of 
MDI plus Aerochamber® and u l t rasonic nebul i se r than with 
the je t nebul i ser . This together with the observa t ion on 
changes in Rrs and FRC, provided indirect evidence that more 
b ronchod i la to r aerosol was deposi ted in the lungs by the MDI 
and u l t rasonic nebul iser than by the je t neubl i se r . Moreover , 
the u l t rasonic nebul iser was apparent ly associa ted with the 
h ighes t t c P 0 2 and lower t c P C 0 2 in both group lA and lB . 
The improvement in oxygenat ion af ter b ronchodi la t ion is 
l ikely due both to an increase in alveolar vent i la t ion and to a 
bet ter d i s t r ibu t ion of vent i la t ion in we l l -pe r fused lung zones. 
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The N e o n a t a l Aerochamber® used t o g e t h e r wi th the 
MDI in th i s s tudy has been m o d i f i e d to e n h a n c e ae roso l 
d e l i v e r y . The one -way va lve of the N e o n a t a l Aerochamber® 
has been r emoved so tha t the dev ice behaved l ike a ho l low 
tube s imi l a r to the c o f f e e cup desc r ibed by Evera rd et al. in 
1 9 9 2 . ( E v e r a r d M.L. et al . , 1992) The r e a s o n a b l e for the 
m o d i f i c a t i o n was based on a sepa ra te s tudy we have 
p e r f o r m e d on a group of n o n - v e n t i l a t e d i n f a n t s wi th 
d e m o g r a p h i c c h a r a c t e r i s t i c s and lung c o n d i t i o n s imi la r to 
those in the p re sen t s tudy . The i n f a n t s were g iven a u n i f o r m 
dose of MDI sa lbu tamol th rough the m o d i f i e d and 
u n m o d i f i e d Neona t a l Aerochamber® in r andom sequence . 
S i g n i f i c a n t l y grea te r improvemen t in Rrs and FRC was 
a s soc i a t ed wi th the use of the spacer wi thou t the va lve . It is 
p o s s i b l e that the t ida l vo lume genera ted by these i n f a n t s was 
too smal l to open the va lve e f f e c t i v e l y , and the i n c o m p l e t e l y 
opened va lve acted l ike a b a f f l e , caus ing aeroso l loss due to 
i m p a c t i o n . 
6.2. Vent i l a t ed group (group 2 ) : 
Simi lar to the non-ven t i l a t ed in fan t s , all i n f an t s in this 
group showed a s ign i f i can t decrease in Rrs a f t e r sa lbu tamol 
t r ea tmen t . With all the devices , the b r o n c h o d i l a t i n g e f f ec t 
was max imum in 30 minutes a f te r aerosol de l ive ry , and 
sus ta ined for about two hours . Also s imi lar to the non-
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ven t i l a t ed group, the longes t dura t ion of ac t ion was 
a s soc ia t ed wi th the use of the u l t r a son ic nebu l i s e r . Among 
the i n f a n t s in group 2A, maximum reduc t ion in Rrs assoc ia ted 
wi th each device was 56.1 % for the u l t r a son ic nebu l i se r , 
44.30/0 for the MDI with spacer device , and 32.3% for the 
S ides t ream je t nebu l i se r . In group 2B, s imi lar improvement 
was observed fo l lowing aerosol de l ivery by the u l t r a son ic 
nebu l i se r and MDI with spacer device , but j e t nebu l i sa t ion 
us ing a d i f f e r e n t nebul i se r (Hudson) was assoc ia ted with a 
decrease (16 .9%) in Rrs of only 16.9%. 
The observed improvement in Rrs is an unde res t ima te of 
the pe rcen tage decrease in airway res i s t ance . The degree of 
unde res t ima t ion is even greater in this group than that in the 
non-ven t i l a t ed in fan t s since the endot rachea l tube con t r ibu tes 
on average to 40% of the measured Rrs, (LeSouef P.N. et 
al in 1984) and its ca l ibra ted does not change af ter 
b ronchod i l a to r therapy. 
Similar to the non-vent i la ted group, a cons is ten t change 
in Crs was not observed af te r b ronchod i l a to r aerosol 
t rea tment in this group. Because of the lack of appropr ia te 
equipment , FRC could not measured through the vent i la tor 
c i rcui t . 
In the vent i la ted infants , changes in c l in ical parameters 
af ter sa lbutamol t reatment fol lowed the same trend as that 
observed in the non-vent i la ted group. S igni f ican t tachycardia 
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was obse rved in all 20 in fan t s fo l lowing aerosol de l ive ry by 
all the dev ices . By compar ing the areas under the curves , it 
could be shown that s i gn i f i can t ly h igher hear t ra te was 
as soc ia ted wi th the use of MDI plus ae rochamber and 
u l t r a son ic nebu l i se r than with the je t nebu l i se r . This 
obse rva t ion p rov ide fu r the r that there are more b ronchod i l t o r 
aerosol de l ivered by MDI or u l t r a son ic nebu l i se r was 
depos i t ed in the lung than that de l ivered by the je t 
nebu l i se r s . 
Al though je t nebu l i sa t ion is wide ly used and 
b ronchod i l a to r s adminis te red by this device have been shown 
to improve lung func t ion in in tubated in fan t s with BPD. 
(Yuksel B. et al. , 1994) The device is assoc ia ted with a 
number of p rob lems inc luding cool ing of the insp i red gas, 
(Clay M.M. et al. , 1983) reduct ion in humid i ty , (Mark L.B. et 
al . , 1983) and a requi rement for an auxi l ia ry high pressure 
gas supply . Wat terberg et al. in 1991 demons t ra ted that je t 
nebu l i sa t ion is very ine f f i c i en t method of aerosol de l ivery 
with only 0.2% of the nominal drug dose being able to reach 
an in tubated neonata l lung mode l . (Wat te rbe rg et al . , 1991) 
At almost the same t ime, Jonathan et al. repor ted that 
de l ivery of drug aerosols to the lungs of vent i la ted neonates 
by metered dose inhaler and spacer (Aerochamber) or 
u l t rasonic nebul i ser (Pentasonic) resul ted in a lung 
depos i t ion of 1.7% and 1.3% of the nominal respec t ive ly . 
However , these devices had l i t t le e f fec t on vent i la tor gas 
humidi ty or tempera ture , and did not require any external gas 
source. (Jonathan et al., 1992) In these appears the MDI and 
u l t rasonic nebul iser should be superior to j et nebul i ser on the 
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t r ea tmen t of small i n fan t s and some f i nd ings p rov ided 
ev idence that suppor t s this c la im. 
In of this s tudy, the u l t r ason ic nebu l i se r has been 
m o d i f i e d to enhance aerosol de l ivery . U l t r a son ic nebu l i se r s 
are able to de l iver a larger amount of aerosol to ven t i l a t ed 
f i l t e r lung models when the device is used toge ther with large 
vo lume f i l l s of up to 18ml than that with smal ler volume 
f i l l s (3ml ) . However , a large volume f i l l p ro longs nebu l i sa t ion 
t ime and might not be to le ra ted by small i n fan t s in this s tudy. 
In this s tudy, u l t r ason ic nebul i se r was used toge ther with a 
small med ica t ion cup ( lOml) with a tapered bo t tom, which 
a l lows more comple te nebu l i sa t ion and greater aerosol output . 
The mod i f i c a t i on was based on a study by Prof . T.F. Fok, 
which demons t ra ted that when t echne t ium-99m label led 
human serum albumin was del ivered f rom the small cup to a 
ven t i l a ted rabbi t model , pu lmonary depos i t ion was 5 t imes 
that f rom the s tandard 20-ml reservoi r with a s imi lar volume 
f i l l (3ml) . 
Like most aerosol s tudies , our f ind ings are spec i f i c only 
to the devices used and may not be genera l i sab le to devices 
of d i f f e r en t makes. This is especia l ly true for the je t 
nebul i se rs since there are many models avai lab le in the 
market . The je t nebul i sers we used are however qui te typical 
and generate par t ic les well within the respr iab le range, and 
this purpose of using 2 je t nebul isers in each group of in fan ts 
was improve the genera l izabi l i ty of the f ind ings . 
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C h a p t e r 7 C o n c l u s i o n 
In th i s r a n d o m i z e d c r o s s - o v e r s tudy , we e v a l u a t e d the 
c h a n g e s in r e s p i r a t o r y sys tem m e c h a n i c s (Crs and Rrs ) in 20 
n o n - v e n t i l a t e d and 20 ven t i l a t ed i n f a n t s wi th BPD f o l l o w i n g 
the d e l i v e r y of s a l b u t a m o l ae roso l by an u l t r a s o n i c n e b u l i s e r 
wi th smal l cup, a MDI wi th spacer dev ice and two j e t 
n e b u l i s e r s . For the n o n - v e n t i l a t e d i n f a n t s , chang ing in 
f u n c t i o n a l r e s i d u a l capac i ty (FRC) were also m e a s u r e d . 
The r e su l t s showed that both the MDI (Vent loin® MDI, 
G l a x o , U K ) wi th spacer device and the u l t r a s o n i c nebu l i s e r 
( S i e m e n s E l e c t r o n i c s Inc . , Sweden) were supe r io r to the two 
j e t n e b u l i s e r s (S ides t r eam nebu l i s e r by M e d i c A i d , UK, and 
Hudson nebu l i s e r , USA) in improv ing the i n f a n t ' s lung 
c o n d i t i o n of both groups i n f an t s . In the n o n - v e n t i l a t e d 
g roup , the improvemen t of FRC assoc ia t ed wi th u l t r a son i c 
n e b u l i s e r and MDI wi th spacer device was s i g n i f i c a n t l y 
g rea te r than that wi th the je t nebu l i s e r s . R e d u c t i o n in Rrs 
a s soc i a t ed wi th the two dev ices was more than 2 t imes (g roup 
l A ) and 1.5 t imes (g roup 2A) that wi th the S ides t r eam 
nebu l i s e r , and more than 1.5 t imes (g roup l B ) and 2 
t i m e s ( g r o u p 2B) wi th that of the Hudson nebu l i s e r . In 
con t ra s t , there was only marg ina l d i f f e r e n c e in t he rapeu t i c 
p e r f o r m a n c e be tween the MDI and |he u l t r a son ic nebu l i s e r . 
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Since b r o n c h o d i l a t i n g e f f ec t of s a lbu tamol aeroso l is 
dose dependen t (Den i j ean A. et al . , 1992), the above f i nd ings 
should r e f l e c t the amount of aerosol de l ivered by the dev ices 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 1 Schematic diagram of the constituent parts of a model jet 
nebuliser 
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Figure 2 Schematic diagram of the constituent parts of a model 
ultrasonic nebuliser 
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Figure 3 Closed-circuit helium dilution circuit for the 
measurement of functional residual capacity (FRC) in 
infants 
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Figure 5 The diagram of connection ofjet nebuliser to the 
spontaneous breathing infant 
to air _ | _ 
I j _ ^ 
1 ^ 一 to patient 
(with face mask) 
jet nebuliser 




Figure 6 The diagram of connection of ultrasonic nebuliser to 
the spontaneous breathing infant 
to air _ | _ 
Z J L ^ 
1 ^ • to patient 




_ _ _ I _ Z l ~ ~ small cup 
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Figure 7 The diagram of connection ofMDI with spacer to the 
spontaneous breathing infant 
MDI ~ f ~ | 7\ 
|A 
I _^ to patient 
U \J (with face mask) 
aerochamber 
Figure 8 The diagram of connection of jet nebuliser to the 
ventilator-dependent infant 
ventilator 
^ expiratory tube 
I I I I ^ S to patient 
• (with 
” ZIZI| pZZj I I endotracheal 
inspiratory tube L_J tube) 
jet nebuliser 







Figure 9 The diagram of connection of ultrasonic nebuliser to 
the ventilator-dependent infant 
ventilator 
^ expiratory tube 
I I I ^ H to patient 
— ~ ~ • (with 
” ZZZ| pZZj I I endotracheal 




Figure 10 The diagram of connection ofMDI with spacer to 
the ventilator-dependent infant 
ventilator 
^ expiratory tube 
_ — M D I 
” H u — 
inspiratory L^^ ^^^ ^^^ ^^  to patient 
tube I n r (with 
endotracheal 
I aerochamber tube) 
！ 
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Figure 11 The diagram of pneumotachograph and airway occlusion 
valve 
( T h e va lve is pneumatically dr iven and controlled manually v ia a three-button electronic panel. 
Between occlusions, the infant is venti lated through the valve (a). The a invay is occluded by 
mov ing the pistons to the closed position. Expi ratory f low is then directed through the 
pneumotachograph by placing the valve in open posit ion ① ) . ) 
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Figure 12 Respiratory system compliance before and after 
salbutamol aerosol: non-ventilated infants (group lA): 
mean(sem) 
a) delivery by MDI . , . ,. . , “ • . 
b) delivery by Jet Neb 
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Figure 12 Respiratory system compliance before and after 
salbutamol aerosol: non-ventilated infants (group lA): 
mean(sem) 
a) delivery by MDI a) delivery by Jet Neb 
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Figure 14 Respiratory system compliance before and after 
salbutamol aerosol: ventilated infants (group 2A): 
mean(sem) 
a) delivery by MDI b) delivery by Jet Neb 
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Figure 12 Respiratory system compliance before and after 
salbutamol aerosol: non-ventilated infants (group lA): 
mean(sem) 
a) delivery by MDI b) delivery by Jet Neb 
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Figure 12 Respiratory system c o m p l i a n c e before and after 
salbutamol aerosol: non-ventilated infants (group lA): 
mean(sem) 
a) delivery by MDI b) delivery by Jet Neb 
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Figure 12 Respiratory system c o m p l i a n c e before and after 
salbutamol aerosol: non-ventilated infants (group lA): 
mean(sem) 
a) delivery by MDI b) delivery by Jet Neb 
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Figure 12 Respiratory system c o m p l i a n c e before and after 
salbutamol aerosol: non-ventilated infants (group lA): 
mean(sem) 
a) delivery by MDI b) delivery by Jet Neb 
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Figure 19 Respiratory system resistance before and after albutamol 
aerosol: ventilated infants (group 2B): mean(sem) 
a) delivery by MDI b) delivery by Jet Neb 
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Figure 20: Percentage decrease in respiratory system resistance 
after salbutamol aerosol: non-ventilated infants 
(group lA): mean(sem) 
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Figure 21: Percentage decrease in respiratory system resistance 
after salbutamol aerosol: non-ventilated infants 
(group lB): mean(sem) 
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Figure 22: Percentage decrease in respiratory system resistance 
after salbutamol aerosol: ventilated infants 
(group 2A): mean(sem) 
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Figure 23: Percentage decrease in respiratory system resistance 
after salbutamol aerosol: ventilated infants 
(group 2B): mean(sem) 
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Figure 24 Functional residual capacity before and after salbutamol 
aerosol: non-ventilated infants (group lA): mean(sem) 
a) delivery by MDI b) delivery by Jet Neb 
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Figure 25 Functional residual capacity before and after albutamol 
aerosol: non-ventilated infants (group lB): mean(sem) 
a) delivery by MDI b) delivery by Jet Neb 
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Figure 26 Heart Rate measured before and after salbutamol 
aerosol: non-ventilated infants (group lA) 
a) nebulised by MDI b) nebulised by jet neb 
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Figure 27 Heart Rate measured before and after salbutamol 
aerosol: non-ventilated infants (group lB) 
a) nebulised by MDI b) nebulised by Jet neb 
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Figure 28 Heart Rate measured before and after salbutamol 
aerosol : ventilated infants (group 2A) 
a) nebulised by MDI b) nebulised by Jet neb 
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Figure 29 Heart Rate measured before and after salbutamol 
aerosol: ventilated infants (group 2B) 
a) nebulised by MDI b) nebulised by Jet neb 
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Figure 30 Transcutaneous Po2 measured before and after 
salburamol aerosol: non-ventilated infants(group lA) 
a) nebulised by MDI b) nebulised by jet neb 
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Figure 34 Transcutaneous Pco2 measured before and after 
salburamol aerosol: non-ventilated infants(group lA) 
a) nebulised by MDI b) nebulised by jet neb 
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Figure 37 Transcutaneous Pco2 measured before and after 
salburamol aerosol: ventilated infants (group 2B) 
a) nebulised by MDI b) nebulised by jet neb 
90 n 85 n 
8 0 -
8 0 - T 
75 -
7 0 - . > , _ ^ T 
一 T ^ ~~~^L 一 7 0 -
f Z � s f 
§. 60 - X S 65 -
^ t » - ^ 丄 丄 g ^ 1 ~ ~ I I " ^ ^ ^ " - ^ . 
旦 -eo- , ^ X � h , 




30 ^ 1 1 1 i 1 1 1 45 1 1 1 1 1 1 1 
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 
Time (min) Time (min) 
c) nebulised by US neb 
90 n 
8 0 - T T 
CT 70 — ^___^, ^^—~~ t^___^^ 
1 z Z ‘ <g i ^ ^ 
& 6 0 - 丄 丄 丄 
50 -
40 1 1 1 1 1 1 1 






Figure 34 Transcutaneous Pco2 measured before and after 
salburamol aerosol: non-ventilated infants(group lA) 
a) nebulised by MDI b) nebulised by jet neb 
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Figure 34 Transcutaneous Pco2 measured before and after 
salburamol aerosol: non-ventilated infants(group lA) 
a) nebulised by MDI b) nebulised by jet neb 
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Figure 35 Transcutaneous Pco2 measured before and after 
salburamol aerosol: non-ventilated infants (group lB) 
a) nebulised by MDI b) nebulised by jet neb 
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Figure 34 Transcutaneous Pco2 measured before and after 
salburamol aerosol: non-ventilated infants(group lA) 
a) nebulised by MDI b) nebulised by jet neb 
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Figure 37 Transcutaneous Pco2 measured before and after 
salburamol aerosol: ventilated infants (group 2B) 
a) nebulised by MDI b) nebulised by jet neb 
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